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Population growth, deforestation and higher demand for farm lands have effect on 
natural resource of the Gidabo River Catchment, Rift Valley Basin. Assessing the 
problem and finding solution at catchment level is use full to minimize the effect of the 
problem. Decision support tools are needed for successful assessment of the hydrology 
and soil erosion process for planning and application of soil and water conservation 
measures. In this study the effect of land use and land cover changes on stream flow and 
sediment yield is observed. Soil & Water Assessment Tool (SWAT) model was calibrated 
& used to evaluate changes on sediment load and stream flow. Two SWAT model set up 
were run to evaluate the impacts of land use changes on stream flow and sediment yield 
using two land use for year 1990 and 2013 of the study area. Sensitivity, calibration, 
validation and uncertainty analysis was conducted using Sequential Uncertainty Fitting–
version 2 (SUFI-2) in SWAT-CUP (Calibration and Uncertainty Program) using 
sediment yield and stream flow historical data. Model calibration and validation was 
conducted for both land use using measured data near to the two land use by using multi 
gauge calibration approach in monthly base using SWAT-CUP. For 1990 land use 
calibration was from 1989-1995 and validation was from1997-2000, for 2013 land use 
calibration was from 1997-2002 and validation was from 2004-2006. Results from 
calibration for both land use show acceptable range (0.50 to 0.70 for NSE and 0.55 to 
0.72 for R
2
) between observed and simulated stream flow and sediment yield in monthly 
base. The model was able to bracket 63 to 87% of the observed data in acceptable 
uncertainty band (r-factor, 0.68 to 1.28). The results of validation were acceptable (0.51 
to 0.76 for NSE and 0.6 to 0.78 for R
2
). The model bracket 51% to 83% of the observed 
data in acceptable uncertainty band (r-factor, 0.58 to 2.13). The annual sediment load at 
Gidabo dam site was found to be 435.26 ton per square kilometer per year. Three 
scenarios are developed to observe the impact of land use changes. Based on this 53% of 
change in forest land to agriculture land resulted in 67% and 29% increase in sediment 
load and stream flow respectively, 19% of change in forest land to agricultural land 
resulted in 43%and 13% increase in sediment load and stream flow respectively. Change 
in 35% of grass land into agricultural land increase the sediment yield by 9% and stream 
flow by 3%. 
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1.1  Background  
Land use land cover change is the most important form of global environmental change 
that occurs at spatial and temporal scales. This change of land use in rural and urban area 
is the result of deforestation, agricultural land expansions, human settlements and other 
factor derived by the population growth and environmental problem. Many literatures 
showed that population growth is the main factor for the land use change in urban or rural 
area (Tesfa and Bogale, 2015; Asmamaw, 2013; Dereje, 2010; Kassa, 2009; Hagos, 
2014). These research papers also explain that land use change caused by the population 
mainly affect the people by itself. Analyzing the land use changes and understanding the 
effect of the land use change in present land cover/use is important for policy making, 
planning and implementing of natural resource management (Reddy and Gebreselassie, 
2011). This careful analysis of land use change provides best management practices that 
will allow a balanced use of land for the people. 
Determining the effect of land use change in watershed depends on the knowledge of past 
land use practices, current land use practices and most likely projected future land use 
practices as affected by human distribution, economic development, technology and other 
factors (Tom, 2003). Land use change effect on present land use transformation became a 
global issue. Natural catastrophe such as drought, floods caused by climatic change has 
been presented in many research papers is not commonly happening situation however 
human action cause sudden change in population or watershed.  
The most influencing forces affecting natural vegetation are directly related to expanding 
human population. The population of Ethiopia from year 1990 to 2016 is approximately 
doubled and population of Ethiopia is 101,783,351 based on the latest United Nations 
estimation (http://www.worldometers.info).This means the demands of lands are 
increasing as population increases. Agriculture, which depends on the availability of 
seasonal rainfall, is the main economy of the country. People need land for the food 
production and for housing and it is common practice to clear the forest for the farming 
and housing activities. Therefore, the result of these activities is the land use and land 
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cover changes due to daily human action. For this reason, understanding how the land 
cover changes influence on the hydrology and sediment yield of the watershed will 
enable planners to develop policies to minimize the unwanted effects of future land cover 
changes. 
Using distributed and semi-distributed hydrological models, modeling the hydrological 
response to land use and land cover change is active research topic worldwide for 
example (Kassa, 2009), in Ethiopia, (Olang & Furst, 2010), in Kenya, (Thomas etal., 
2015) in Taiwan and (Wubishet et al, 2015), in USA are some of the paper. This 
modeling approach applied because observational data alone is not enough to identify the 
effect of land use change and also help the modeler to determine the degree to which land 
use change affect hydrological process. 
1.2 Statement of the problem  
A proper river catchment management practice is needed for sustainable protection of the 
catchment. River catchments are important from hydrological and economical point of 
views used to absorb and transport the runoff from the rain fall and other sources. When 
rivers properly managed can provide fresh drinking water, food, hydropower and 
recreation. 
In Gidabo River Catchment huge socio-economic activities are being carried out along 
the major river. Many new settlements both urban and rural are coming into existence 
and the already existing ones are growing in population size at alarming rate. Most of the 
river banks are cleared for expansion of farm lands, production of fire-wood, production 
of wood charcoal and settlements (Ministry of Water and Energy, 2010). Deforestation, 
human settlements and agricultural expansion in the watershed directly related to land use 
change. This change will cause an effect on the hydrology and sediment yield of the 
watershed, for example when forest is lost and crop or agricultural land is expanded base 
flow will be reduced and increase in surface runoff causing sever soil erosion. 
 
Extent and land use change effects for the above related problems are not known for the 
study area to make appropriated decision during the existing socio-economic 
development, which results increasing the extent of the water management problem and 
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downstream sedimentation. Therefore, a strong need is identified for the hydrological 
techniques and tools that can assess the effects of land cover changes on the hydrologic 
response and sediment yield of a watershed. Such techniques and tools can provide 
information that can be used for water resources management and downstream 
sedimentation reduction at a watershed. 
1.3 Research question  
 How well can SWAT simulates stream flow and sediment yield in the catchment?  
 How does land use and land cover change affects the stream flow and sediment 
yield of the catchment? 
 How much sediment will flow to Gidabo dam? 
 Which sub watersheds produce more sediment yield? 
 How can the land use and land cover change affects stream flow and sediment 
yield in the future? 
1.4  Objectives  
The main objective of the study is to assess the impact of land use/cover changes on 
sediment yield and stream flow of Gidabo River Catchment.   
        Specific objectives  
 To calibrate and validate the SWAT model for stream flow and sediment yield. 
 To predict sediment yield to Gidabo dam. 
 To characterize sedimentation hot spot areas in the watershed. 
 To forecast sediment yield using expected future LULC by developing scenarios. 
 To develop best sediment management scenarios and to evaluate these scenarios. 
1.5 Significance of the study 
The land use and land cover change has significant impacts on natural resources, 
socioeconomic and environmental systems. However, to assess the effects of land use and 
land cover changes on stream flow and sediment yield, it is important to have an 
understanding of the land use and land cover patterns and the hydrological processes of 
the watershed. Understanding the impacts of land use and land cover change is essential 
indicator for resource base analysis and development of effective and appropriate 
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response strategies for sustainable management of natural resources in the country in 
general and at the study area in particular.  
Moreover, the study presents a method to quantify land use and land cover change and 
their impact on hydrology and sediment yield. This has been achieved through a method 
that combines the hydrological model SWAT to simulate the hydrological processes, 
SWAT-CUP to calibrate and validate SWAT model and GIS. 
1.6 Scope and limitation of the study 
This study concentrated on the effects of land use/ land cover changes on the hydrology 
and sediment yield of Gidabo River Catchment in Rift Valley Basin. The study also 
focused on the calibration and validation of SWAT model at three gauged stations as well 
as the effects of deferent land use scenarios on stream flow and sediment yield. However, 
a number of constraints were encountered during the data collection stage of the research 
study. These include short length of hydrological, sediment yield, precipitation and other 
climatic variables records.       
1.7 Thesis structure  
The paper is organized into five sections: Section one is an introduction section where the 
background, statement of the problem, research questions, objectives of the study, 
significance of the study and scope and limitation of the study are discussed. In section 
two, review of related literatures where the definition of land use and land cover change, 
land use and land cover change studies in Ethiopia, hydrological models, review of 
selected watershed models, description of selected model and SWAT-Calibration and 
Uncertainty (CUP) are reviewed. In section three, material and methodology section in 
which description of the study area, data collection, data quality assessment, model setup, 
data preparation and model setup, sensitivity analysis, calibration, validation and 
uncertainty analysis, evaluation of stream flow and sediment yield due to LULCC and 
scenario development are elaborated in this section. The fourth section describes with the 
result and discussion which are input data analysis results, physical catchment 
characteristics, initial model results, stream flow modeling, sediment yield modeling, 
effects of land use and land cover, scenario analysis and over all discussion. Finally, in 
section five, conclusions and recommendations of the study are provided. 




2 LITERATURE REVIEW  
2.1 Definition of land use and land cover  
Land cover means the physical description of the earth surface or the observed cover of 
the earth surface or currently cover the earth surface includes vegetation such as trees, 
bushes, bare soil, rocks and water bodies (European communities, 2001). Observation 
must be carried out to know the land cover type; observation includes human eyes, aerial 
photographs, satellite sensors and other sources. 
In the case of land use there are two main approaches to define the land use the first one 
is functional approach states that defining land use based on their purpose for example 
land for farming, for industrial, for commercial, for residential, for forestry etc. The 
second one define land use in sequential operational approach states that continuous 
operation on land by human to get benefit from the land for example ploughing, seeding, 
weeding (Mucher et al., 1993). Observation alone in land use is not enough to decide the 
land use type need more information about the land use for example aerial photography  
of a grass land to decide whether the grass land is in use for agricultural or not need more 
information from farmers if the cattle are present or not. 
Relations between land use and land cover can be useful to determine functional use 
(land use) from biophysical appearance (land cover) and vise verse (Duhamel, 1999). 
This means for example land cover by wheat can be related with agricultural use and area 
for forest production can also relate to land cover tree type. This link can be complex 
sometimes when one land cover related to many land use and one land use relate to many 
land cover (Lund, 1998). Both land use and land cover gives good information use full 
for many applications and land use gives more clear information of land cover. 
2.2 Land use and land cover change (LULCC) 
LULCC is the change in purpose or management in land use or cover (Kassa, 2009), this 
land use and land cover change information used for land related policy measures for 
politicians and discovering the major causes and effect for the research group (European 
communities, 2001). Land use and land cover change is divided in to two categories these 
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are conversion refer to change from one cover or use to another (e.g. from grass land to 
agricultural land) and modification means physical or functional change in one land use 
or land cover (e.g. from rain feed to irrigated cultivated land). 
These land use/cover changes mainly related to human activities and environmental 
impact further land use change have impact on soil and water (Lambin et al, 2003).The 
cause of LULCC as (Lambin et al, 2003) classified in to two direct cause of land use 
change by human activities this physical action on land cover/use directly affect land 
cover of the watershed and underling cause this causes are fundamental force that operate 
direct cause formed by complex of social, political, economical, demographic, cultural 
and biophysical factors. 
In developing country like Ethiopia land use change mainly affected by the population 
growth and their uncontrolled activities in the land (Asmamaw, 2013). Change in land 
use/ cover as a result of farming, grazing, deforestation and urbanization will affect 
hydrological process by increasing surface runoff, soil erosion and sedimentation (Olang 
& Furst, 2010). when forest land is lost and changed to developed land( transformed to 
urban or industrial) or agricultural land the base flow decreases the result will be increase 
in soil erosion, this happen because in forest land the soil water demand is higher because 
the forest need more water which leads to lower soil erosion (Asmamaw, 2013). In case 
of agricultural land the water demand of the crop is low related to the forest land, this 
decreases water demand of soil.  
Generally to assess the impact of land use and land cover change in watershed past, 
current and future land use practices need to be understood and how population size, 
economic development and other factors affect land use practices.  
2.3 Land use land cover change studies in Ethiopia  
According to United Nations the current (2017) population of Ethiopia is 101,783,351 
with 2.48% annual growth (www.worldometers.info). Rapid population growth with lack 
of modern agricultural practices in the country increase pressure in deforestation. Many 
studies conducted in the country reported that there is change from other types of land 
use to agricultural (cultivated) land or to other land uses. Tesfa and Bogale (2015), in 
                                  Impact of Land Use and Land Cover Changes on Stream Flow and Sediment Yield 
7 
 
North West part of Ethiopia, Kassa (2009), in Southern Ethiopia Rift Valley; Hagos 
(2014), in Central Rift Valley, Diress (2010), in Northern Afar are some of the examples. 
Recent study in North West part of Ethiopia in Gilgel Abay catchment Tesfa and Bogale 
(2015), reported that there is a change in grass land and shrub land into cultivated land 
during the study period and conclude that these changes caused by rapid increase of 
human population in the study area. Emiru (2009) also reported that there is a high 
population growth in the upper part of Gilgel Abay and this rapid population growth 
affect the LULC of the catchment. His study showed that the forest land (51%) and 
agricultural land (28%) in 1973 was converted to forest land (17%) and agricultural land 
(62%) in 2001. 
Hagos (2014) also conducted his study in Huluka watershed in central rift valley the 
result from the study showed that grass land, shrub land and natural forest in the study 
area has been converted to cultivated land during the study period. These changes in the 
land use are direct change from one land cover/use to cultivated and step by step 
conversion from natural forest to wood land then shrub land and finally to cultivated 
land. (Diress etal., 2010), the study conducted in Northern Afar to analyze land use and 
land cover change for 35 years. The result showed that there is a change of wood land 
and grassland in to cultivated land. The drivers of this change as stated in the paper are 
migration to the study area and activities of pastoralists in the study area. 
Kassa (2009) conducted his study in southern Ethiopia rift valley in Hare watershed and 
reported that the watershed face a significant land use land cover change during the study 
period. Kassa stated that forest and grasslands where changed to farmland and human 
settlements.   
Rapid population growth increases the crop land by decreases the forest land which 
results increase in stream flow because of soil moisture demand (Asmamaw, 2013) 
understanding how LULCCs influence stream flow will enable planners to formulate 
policies to decrease the effect of future land use change on stream flow (Kassa, 2009). 
The main reason behind higher number of land less in Ethiopia as reported by Fasil 
(2012), is population growth which converted large areas of grass land or forest land into 
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crop or wood land. These land use change derived by population growth related to soil 
erosion which causes low soil fertility, reservoir siltation and downstream sedimentation 
(Fasil, 2012). As reported by Dereje (2010), there is high population growth, 
deforestation, soil erosion and sediment deposition in the Blue Nile basin in Western 
Ethiopia, Future land use scenarios based on the fast growing population and activities in 
the catchment showed the possible future sedimentation risks in the catchments and 
Karadobi reservoir. Fasil (2012), also reported that sediment load into Geferesa reservoir 
increased using four scenarios based on the population growth of the catchment to 
observe impact of land use changes. 
As population increases the need for cultivated land, grazing land, fuel wood and 
settlement areas also increase to meet the growing population demand for food and 
energy, and livestock population. Therefore population pressures, lack of understanding 
and weak management are considered as the major causes for the deforestation and 
degradation of natural resources in Ethiopia (Kassa, 2009). 
2.4  Hydrological model 
A model is a simplified representation of a complex system. “There is no inessential part 
of the complex universe that can be captured and controlled without abstraction” (Chong-
yu, 2002). Abstraction means replacing parts of real world by model of similar but 
simpler structure. 
Hydrological system is a set of physical, chemical and biological process acting upon an 
input variable to convert in to an output variable (Dooge, 1977). Most hydrological 
systems are highly complex and we can’t easily understand in detail, also in catchment 
hydrology it is hard to measure everything about the hydrological system because of high 
catchment complexity and limitation of measurement techniques (Pechlivanidis et al., 
2011). Failure in measurement techniques and complexity of the catchments can be a 
cause for the application of hydrological models for inferring unknown values from the 
available measurements and to control or get some feature of catchment behavior. 
The catchment hydrological model is a collection of mathematical description of 
components of the hydrologic cycle. Hydrological models are the main tools for 
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hydrologists for purpose of water resource management, planning and development, 
assessing effect of land use change, flood prediction, water quality assessment etc 
(Jajarmizadeh et al., 2012). In addition to assess the most likely hydrological impact of 
future hydrological system responses, for example to climate and land management 
change. 
 
Depend on the problem that needs to be addressed hydrological model applications have 
many objectives. These are 
 Long term prediction of hydrological parameters, for the given climate and 
hydrological conditions by extrapolation of point measurements in both space 
(for un-gauged sites, sub basin etc) and time (Pechlivanidis et al., 2011), and also 
for expected changes in land use and other scenario (Nemec, 1993), and  
 Planning and design of hydraulic structures for, water supply, waste water 
treatment, flood control and protection etc. 
Watershed models suffer from large model uncertainties. The main sources of 
uncertainties are model uncertainty, input uncertainty and parameter uncertainty 
(Abbaspour, 2015)  
 Simplifications in the conceptual model. For example, the simplifications in a 
hydrological model, or the assumptions in the equations for estimating surface 
erosion and sediment yield. 
 Processes occurring in the watershed but not included in the model. For 
example, wind erosion, soil losses caused by landslides. 
 Processes that are included in the model, but their occurrences in the watershed 
are unknown to the modeler for example, reservoirs, water diversions, 
irrigation, or farm management affecting water quality. 
 Processes that are not known to the modeler and not included in the model. 
These include dumping of waste material and chemicals in the rivers, or 
processes that may last for a number of years and drastically change the 
hydrology or water quality such as constructions of roads, bridges, tunnels and 
dams, and 
 Errors in the input variables such as rainfall and temperature. 
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 Extension of point data in to large areas in distributed model. 
 Parameter uncertainty is usually caused as a result of inherent non-uniqueness 
of parameter in IM( many sets of parameter can produce the same output signal 
which is similar to observed signal)      
 2.4.1 Classification of hydrological model 
Hydrological models can be classified using different criteria. These focus on the 
mechanics of the model, how it deals with time, how it addresses randomness, and so on. 
Based on WMO (1991), classification as presented in Nemec (1993), report hydrological 
models can be classified based on 1) purpose of model application 2) type of system to be 
modeled 3) hydrological process or related variable (component) to be considered 4) 
degree of causality of the process and 5) required time and space discretization. 
Depend on the purpose of model application the model can be classified as for 
forecasting, prediction, planning and design, also model can be classified as for river, 
reservoir, lakes, aquifer, river basin or other land surfaces based on the type of the system 
to be modeled. 
Based on degree of causality of the process which means cause and effects relationship 
model can be classified as deterministic models, stochastic models and hybrid models. 
Deterministic models relate single input variable to single effect or output variable 
(Pechlivanidis et al., 2011) which means outcomes are well determined through known 
relationships between cause and effect (Kassa, 2009) without randomness (Jajarmizadeh 
et al, 2012). Two equal set of input always give the same output in deterministic model if 
the condition kept identical. 
Deterministic model further categorized in to three, these are model based on the 
fundamental laws of physics (White-Box model), conceptual models which reflect 
fundamental laws in simple approximation (Grey-Box model) and models use cause-
effect relation without considering fundamental laws (Black-Box model). In case of 
stochastic models causality isn’t considered, using single input data this model use 
random variable to produce different output (Pechlivanidis et al., 2011). The model 
mixing deterministic and stochastic components called hybrid model. 
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Hydrological models based on time scale can be classified as event based model and 
continuous based model. Event based models are capable of simulating short term events 
(Kassa, 2009)on the other hand continuous models simulate a longer period. Continuous 
models also include more than one storm events (Pechlivanidis et al., 2011) but in the 
case of event based models it takes account only one storm events.  
On the basis of space discretization hydrological model can be classified into three main 
categories these are lumped model, semi-distributed models and distributed model. 
Distributed models are mathematical models that maintain and account for the spatial 
variation of model parameters, variables, hydrologic processes and geometric 
characteristics over the modeled watershed (Singh, 1995). Distributed model requires 
large amounts of data which can be taken as models difficulties, but physical process 
modeled in detail, Some examples are MIKE SHE (Butts etal., 2005), DHSVM (George, 
1998). Lumped hydrological models take no account of spatial variability of process, 
input, boundary condition and catchment geometric characteristics (Singh, 1995). These 
models treat the catchment as a single unit with variable that represent averages over the 
catchment area. Researcher developed another models to overcome the difficulties of 
distributed model called semi distributed model (Jajarmizadeh et al., 2012). Semi 
distributed models partially allow parameter to vary in space by dividing the basin in to a 
number of smaller sub basin. The uses of semi distributed models are to reduce the 
limitation of lumped models (because lumped models applied in limited range) and to 
avoid the computational demands and large amount of input data required for distribution 
models.       
To summarize the classification of the hydrological model the two mostly used 
classification methods are 1) based on the description of the physical processes 
hydrological models can be classified as conceptual and physically based. 2) According 
to the spatial description of catchment processes the models can be classified as lumped 
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2.4.2 Selection of model 
The choice of the best model depends on the problem. Model must be evaluated and 
selected before applied to estimate catchment output. The selection of hydrological model 
should include structure of the model, time step, representation of physical process, 
requirement on input data and hardware/software (Nemec, 1993). 
Nowadays, there are different models used to predict the hydrology of a given watershed 
and also developed partly to quantify the influence of change in land use, land cover and 
management practices on the hydrologic cycle. MIK SHE (Butts etal., 2005), SWAT 
(Arnold et al, 1998), HSPF (Im etal, 2003), HEC-HMS (Choudhari etal, 2014), DHSVM 
(George, 1998), HBV (Bergstrom, 1992), TOP MODEL (Gayathri etal., 2015), 
ANSWERS/ANSWERS-2000 and AGNPS/AnnAGNPS (Gayathri etal., 2015) are some 
of the model.  
The boundary conditions for selecting the right model to fulfill the objectives of the study 
are listed as follow:    
 Generally model selection is based on desktop review and evaluation of selected 
models (Nemec, 1993).( there is no testing of the model) 
 The model must be able to simulate agricultural areas because the study area can 
be classified as agricultural watershed (Birhanu, 2009)  
 The model output must be important to the study(It should be able to simulate the 
stream flow and sediment yield) 
 The minimum input data requirements for the model must be available or can be 
estimated with some methods using data from the watershed. 
 Its time scale should be long term, continuous and able to simulate on daily bases 
for water budget analyses at watershed and sub-watershed levels (Kassa, 2009), 
because event models have no provision for moisture recovery between storm 
events (Asmamaw, 2013) 
 The model must be readily and freely available, both for research and for future 
use in Ethiopia.  
 The ability of a hydrological model to integrate GIS for hydrologic data 
development, spatial model layers and interface (Kassa, 2009). 
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 It should include tools that allow land use and land cover changes to do 
assessment of the impacts of land use and land cover changes on water resources 
and sediment.  
Generally for this study, semi-distributed model is best fit because of the model structure 
is more physically-based than the structure of lumped model, and the model is less 
demanding on input data than fully distributed model (Jajarmizadeh et al., 2012), Based 
on the model selection guide described above many models reviewed and these selected 
models reviewed in detail. 
2.5 Review of selected watershed scale models  
 2.5.1 Hydrologic Simulation Program – FORTRAN (HSPF) 
HSPF is a semi-distributed, conceptual model that simulates hydrologic and associated 
water quality processes in continuous and event time step on pervious and impervious 
land surface, in streams, and in well-mixed impoundments where water movement is 
simulated as overland flow, interflow and ground water flow (Bicknell etal, 1996). HSPF 
simulate watershed hydrology and sediment-chemical interaction (Im etal, 2003). HSPF 
uses sub-basin as primary hydrological units. HSPF includes Agricultural management, 
irrigation management practices (Kassa, 2009). 
The model includes water quality models these are nonpoint loading simulation (runoff 
quantity/quality, sediment erosion etc) in stream simulation (hydraulics, sediment 
transport, lake/ reservoir simulation). 
Strengths of HSPF  
 Comprehensive representation of watershed land and stream processes 
 Comprehensive representation of watershed pollutant sources, including 
nonpoint sources (by multiple land uses), point sources, atmospheric, etc. 
 Flexibility and adaptability to a wide range of watershed conditions 
Limitations of HSPF  
 Extensive data requirements (e.g., hourly rainfall)  
 User training normally required  
 No comprehensive parameter guidance available  
 Limited spatial definition (i.e., lumped parameter approach) 
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2.5.2 Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS) 
HEC-HMS is hydrologic modeling software developed by the US Army Corps of 
Engineers- Hydrologic Engineering Center (HEC), it is the physically based and 
conceptual semi distributed model designed to simulate the rainfall-runoff processes in a 
wide range of geographic areas such as large river basin water supply and flood 
hydrology to small urban and natural watershed runoff (Choudhari etal, 2014). The 
system includes losses, runoff transform, open channel routing, and analysis of 
meteorological data, rainfall-runoff simulation and parameter estimation. HEC-HMS uses 
separate models to represent each component of the runoff process, including models that 
compute runoff volume, models of direct runoff, and models of base flow. Each model 
run combines a basin model, meteorological model and control specifications with run 
options to obtain results (US Army Corps of Engineers , 2000). 
2.5.3 MIKE- System Hydrlogique European (SHE) 
The integrated hydrological modeling system MIKE-SHE emerged from the system 
Hydrlogique European (SHE) as developed and extensively applied from 1977 onwards 
by European organizations (Butts etal., 2005). MIKE SHE is a physically based 
distributed model and requires large physical parameter. The model includes many 
process of hydrological cycle such as precipitation, evaporation, interception, river flow, 
saturated ground water flow, unsaturated ground water flow etc (Gayathri etal., 2015). It 
can simulate surface and ground water movement, sediment, nutrient and pesticide 
transport and also various water quality problems. MIKE-SHE allows changes in the 
model process descriptions and their representation in space these include. 
 The model can treat only the most important process related to the hydrological 
problem to be considered.  
 The model allows evolving as more data or information becomes available or as 
the modeler gains understanding during the modeling process or as a deliberate 
strategy to start with simple models first.  
 The model allows different application with different levels of complexity. 
MIKE-SHE also have some important limitations these includes 
 The data requirement can be significant and high in terms of cost 
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 Complex process representation may require substantial computing time  
 Complex representations may lead to over-parameterization for simpler 
applications like predicting basin outlet discharges. 
2.5.4 Hydrologiska Byrans Vattenavdelning model (HBV) 
The HBV model can best be classified as a semi-distributed conceptual model. It uses 
sub-basins as primary hydrological units. The entire catchment is divided into sub 
catchments, which are further divided into different elevation and vegetation zones. It 
runs on daily and monthly rainfall data, air temperature and evaporation. Air temperature 
data are used for calculating snow accumulation (Bergstrom, 1992)                                                                                                    
The general water balance equation used is 
                  𝐏 − 𝐄 − 𝐐 =
𝐝
𝐝𝐭
 𝐒𝐏 + 𝐒𝐌 + 𝐔𝐙 + 𝐋𝐙 + 𝐥𝐚𝐤𝐞𝐬                                        2.1 
Where P is precipitation, E is evaporation, Q is runoff, SP is the snow pack, SM is the 
soil moisture, UZ and LZ are the upper and lower ground water zone and lakes represent 
the volume of lake. HBV simulate snow accumulation and snow melt using Degree day 
method. Ground water recharge, runoff and actual evaporation are simulated as functions 
of actual water storage (Gayathri etal., 2015).The model consists of subroutines for 
precipitation and snow accumulation, soil moisture accounting, actual evaporation and 
uses simple transformation functions and routing procedures (Wale etal., 2009). 
Beside the many uses of the HBV model there is also some limitation in the model. 
Generally for conceptual model calibration involves curve fitting, which makes the 
interpretation difficult and for this reason the effect of land use change cannot be 
predicted with much confidence (Gayathri etal., 2015). The model also requires large 
hydrological and metrological data.  
2.5.5 Soil and Water Assessment Tool (SWAT) 
SWAT is a river basin, or watershed scale model developed to predict the impact of land 
management practices on water, sediment, and agricultural chemical yields in large, 
complex watersheds with varying soils, land use, and management conditions over long 
periods of time. The model breaks the entire catchment in to sub catchments which are 
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further divided in to hydrologic response units (HRU) based on land use, vegetation and 
soil characteristics. Penman Monteith, Priestly- Taylor and Hargreaves methods are used 
for the estimation of evapo-transpiration. 
The model combines empirical and physically-based equations, uses readily available 
inputs, and enables users to study long-term impacts (Winchell etal., 2013). It simulates 
eight major components: hydrology, weather, sedimentation, soil temperature, crop 
growth, nutrients, pesticides, and agricultural management (Neitsch etal., 2011). Major 
hydrologic processes that can be simulated by the model include evapo-transpiration, 
surface runoff, infiltration, percolation, shallow aquifer and deep aquifer flow, and 
channel routing. The simulation of the processes can be done in four subsystems: surface 
soil, intermediate zone, shallow and deep aquifers, and open channels. Stream flow in a 
main channel is determined by three sources: surface runoff, lateral flow and base-flow 
from shallow aquifers. 
The model has been applied to predict stream flow and it shows good agreement with 
measured data for different types of watershed (Khalid etal., 2016;Kim and Pachepsky, 
2010;Singh etal., 2013), the model also applied to predict sediment yield and it also 
shows good agreement with the measured sediment yield in Varity watershed scale 
(Mohammad etal., 2012;Ndomba and Griensven, 2011; Qiu et al., 2012) and SWAT also 
applied to predict various impacts of land management and climate change on water 
quantity, sediment yield and soil erosion (Asselman etal., 2003; Ma etal., 2009;Ncube, 
2006;Thomas etal., 2015;Zheng etal., 2016;). 
SWAT also applied in Ethiopia indicated in the following studies (Abraham et al., 2015; 
Asmamaw, 2013; Fasil, 2012;Kassa, 2009) to model the hydrological process, sediment 
yield and estimate water balance. The overall performance of the model in most cases is 
acceptable. SWAT also used to assess the impact of land use change on reservoir 
sedimentation (Dereje, 2010;Tensay, 2011) and predict sediment in flow to the reservoir 
(Andualem, 2008). 
2.6  Description of selected model 
After reviewing the selected models by the boundary conditions SWAT was selected. 
SWAT is semi-distributed, physically based, continuous time, a widely used and flexible 
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modeling tool, which addresses many aspects of catchment (Thomas etal., 2015). One of 
the main advantages of SWAT is it can be used to model watersheds with less monitoring 
data (Asmamaw, 2013; Abraham et al., 2015). SWAT model has gained international 
acceptance as inter disciplinary watershed modeling tools by many international SWAT 
conferences (Gassman, 2007), can be downloaded freely from 
http://swat.tamu.edu/software. The interface of SWAT model is compatible with Arc-GIS 
that can integrate many available geospatial data to accurately represent the 
characteristics of the watershed (Asmamaw, 2013). 
 
Weather variables for computing the hydrologic balance in SWAT are precipitation, air 
temperature, solar radiation, wind speed and relative humidity, daily inputs can be 
entered directly or the weather generator can be used to simulate daily values for these 
variables (Weather generator can be download from the SWAT web site 
http://swat.tamu.edu/software) other than these DEM (Digital Elevation Model), soil 
map, land use map also needed for the model. 
 
Simulation of the hydrology of a watershed can be separated into two major parts. The 
first part is the land phase of the hydrologic cycle. The land phase of the hydrologic cycle 
controls the amount of water, sediment, nutrient and pesticide loadings to the main 
channel in each sub basin. The second division is routing phase of the hydrologic cycle 
which can be defined as the movement of water, sediments, nutrient etc. through the 
channel network of the watershed to the Outlet. 
2.6.1 The land phase 
The land phase of the hydrologic cycle is modeled in SWAT based on the water balance 
equation 
                 𝐒𝐖𝐭 = 𝐒𝐖𝐎 +   𝐑𝐝𝐚𝐲 − 𝐐𝐬𝐮𝐫𝐟 − 𝐄𝐚 − 𝐖𝐬𝐞𝐞𝐩 − 𝐐𝐠𝐰 
𝐭
𝐢=𝟏                       2.2 
 
Where,  SWt is the final soil water content (mm)  
              SWo is the initial water content (mm)  
               t is the time (days)  
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               Rday is the amount of precipitation on day i (mm)  
               Qsurf is the amount of surface runoff on day i (mm)  
                Ea is the amount of evapotranspiration on day i (mm)  
               Wseep is the amount of water entering the vadose zone from the soil profile 
on day i    (mm), and Qgw is the amount of return flow on day i (mm). 
Brief description of some of the SWAT computation procedures which are considered in 
this study are presented under the following sections (Neitsch etal., 2011). 
2.6.1.1 Surface runoff 
Using daily or sub daily rainfall amounts, SWAT simulates surface runoff volumes and 
peak runoff rates for each HRU. SWAT provides two methods for estimating surface 
runoff volume the SCS curve number method and Green & Ampt infiltration method. 
The later method is better in estimating runoff volume precisely; its sub daily time step 
data requirement makes it difficult to be used for the case of our country. Therefore, the 
SCS curve number method was adopted. The general equation for the SCS curve number 
method is expressed by equation 2.3: 




                                               2.3 
Where,  Qsurf is the accumulated runoff or rainfall excess (mm),  
               Rday is the rainfall depth for the day (mm water),  
               Ia is initial abstraction which includes surface storage, interception and 
infiltration prior to runoff (mm water),  
               S is retention parameter (mm water). 
The retention parameter S can be calculated by using equation 2.4 
                                              𝐒 = 𝟐𝟓. 𝟒 ∗  
𝟏𝟎𝟎𝟎
𝐂𝐍
− 𝟏𝟎                                     2.4 
Where, CN is the curve number for the day and its value is the function of land use 
practice, soil permeability and soil hydrologic group. The initial abstraction, Ia, is 
commonly approximated as 0.2S and equation 2.3 becomes 




                                                 2.5 
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2.6.1.2  Peak discharge 
The peak discharge or the peak surface runoff rate is the maximum volume flow rate 
passing a particular location during a storm event. The peak run off rate is an indicator of 
the erosive power of a storm and is used to predict sediment loss. SWAT calculates the 
peak runoff rate with a modified rational method see equation 2.6 (Neitsch etal., 2011). 
 
                                               𝐐𝐩𝐞𝐚𝐤 =
𝐂∗𝐢∗𝐀𝐫𝐞𝐚
𝟑.𝟔
                                                                2.6 
Where:  Qpeak is peak runoff rate (m
3
/s), C is the runoff coefficient, i is the rain fall 
intensity (mm/hr), sub-basin area (km
2
) and 3.6 is conversion factor                
2.6.1.3 Time of concentration 
The time of concentration is the amount of time from the beginning of a rain fall event 
until the entire sub basin area is contributing to flow at the outlet. The watershed time of 
concentration is calculated by summing up both the overland flow time of the furthest 
point in the sub basin to reach a stream channel (tov) and the upstream channel flow time 
needed to reach the outlet point (tch) 
                                              𝐭𝐜𝐨𝐧 = 𝐭𝐨𝐯 + 𝐭𝐜𝐡                                   2.7 
The time it takes for water to travel from the furthest point in the sub-basin to a stream 
channel is called overland flow time and calculated as follows  
                                                   𝐭𝐨𝐯 =
𝐋𝐬𝐥𝐩
𝟑𝟔𝟎𝟎∗𝐕𝐯𝐨
        2.8 
 
 Where:  Lslp is the sub basin slope length (m), 
               Vov is the overland flow velocity (m/s), and 3600 is a unit conversion 
factor. 
             tcon, tov and tch (hr) 
 2.6.1.4 Potential evapo-transpiration 
There are many methods that are developed to estimate potential evapo-transpiration 
(PET). SWAT provides three options for PET calculation: Penman-Monteith, Priestley-
Taylor, and Hargreaves methods. The methods have various data needs of climate 
variables. Penman- Monteith method requires solar radiation, air temperature, relative 
humidity and wind speed, Priestley-Taylor method requires solar radiation, air 
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temperature and relative humidity and Hargreaves method requires air temperature only. 
Based on the available data in the catchment the Penman-Monteith method was selected. 
2.6.2 Flow routing phase 
Routing phase consists of the movement of water, sediment and other constituents (e.g. 
nutrients, pesticides) in the stream network. Two options are available to route the flow in 
the channel network: the variable storage and Muskingum methods (Neitsch etal., 2011). 
The variable storage method uses a simple continuity equation in routing the storage 
volume, whereas the Muskingum routing method models the storage volume in a channel 
length as a combination of wedge and prism storages. In the latter method, when a flood 
wave advances into a reach segment, inflow exceeds outflow and a wedge of storage is 
produced. As the flood wave retreat, outflow exceeds inflow in the reach segment and a 
negative wedge is produced. In addition to the wedge storage, the reach segment contains 
a prism of storage formed by a volume of constant cross-section along the reach length 
(Asmamaw, 2013). 
The variable storage method was developed by Williams (1969) and recommended by 
Williams and Hann (1973) as reported in Arnold et al. (1995). The equation of the 
variable storage routing is given by 
                                             𝛁𝐕𝐬𝐭𝐨𝐫𝐞𝐝 = 𝐕𝐢𝐧 − 𝐕𝐨𝐮𝐭      2.9 
Where,  ΔVstored is the change in volume of storage during the time step (m
3
 water)  
               Vin is the volume of inflow during the time step (m
3
 water), and  
                Vout is the volume of outflow during the time step (m
3
 water). 
2.6.1.4  Sediment simulation 
Erosion is the wearing down of a landscape over time. It includes the detachment, 
transport, and deposition of soil particles by the erosive forces of raindrops and surface 
flow of water (Dereje, 2010). Erosion caused by rainfall and runoff is estimated for each 
Hydrologic Response unit (HRU) using the Modified Universal Soil Loss Equation 
(MUSLE). MUSLE estimates sediment yield from the surface runoff volume, the peak 
runoff rate, the area of the HRU, the Universal Soil Loss Equation (USLE) soil 
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erodibility factor, the USLE cover and management factor, the USLE support practice 
factor, the USLE topographic factor, and a coarse fragment factor. 
MUSLE: The modified universal soil loss equation is 
𝐬𝐞𝐝 = 𝟏𝟏. 𝟖 ∗  𝐐𝐬𝐮𝐫𝐟 ∗ 𝐪𝐩𝐞𝐚𝐤 ∗ 𝐚𝐫𝐞𝐚𝐡𝐫𝐮 
𝟎.𝟓𝟔
∗ 𝐊𝐔𝐒𝐋𝐄 ∗ 𝐂𝐔𝐒𝐋𝐄 ∗ 𝐏𝐔𝐒𝐋𝐄 ∗ 𝐋𝐒𝐔𝐒𝐋𝐄 ∗ 𝐂𝐅𝐑𝐆 
2.10 
Where:  sed- is the sediment yield on a given day (metric tons), 
               Qsurf is the surface runoff volume (mm H2O/ha), 
               qpeak is the peak runoff rate (m
3
/s), 
               areahru is the area of the HRU (ha), 
                 KUSLE is the USLE soil erodibility factor (0.013 metric ton m
2
 hr / (m
3
-
metric ton cm)), 
                CUSLE is the USLE cover and management factor, 
               PUSLE is the USLE support practice factor; 
               LSUSLE is the USLE topographic factor and CFRG is the coarse fragment 
factor. 
2.6.1.5 SWAT land use update (.LUP) 
The land use update program allows HRU fraction updating during a simulation run. The 
LUP module allows the user to update land use distribution by updating the HRU_FR. 
 The LUP can be used to update land cover changes depend on the availability of land use 
change (Pai and Saraswat, 2011). The land use update is used to change land cover type 
after HRUs have been defined (Winchell etal, 2013) 
2.7  SWAT-Calibration and Uncertainty Programs (CUP) 
SWAT-CUP is a computer program for calibration of SWAT models. The program links 
SUFI2, PSO, GLUE, ParaSol, and MCMC procedures to SWAT. It enables sensitivity 
analysis, calibration, validation, and uncertainty analysis of SWAT models (Abbaspour, 
2015). 
Prediction uncertainty arises from the uncertainty in the parameters, the model, and the 
inputs. In the concept of SUFI-2, all these uncertainties are assigned to the parameter 
distributions (Abbaspour et al., 2014). The increasing of the uncertainties in the 
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parameters leads to uncertainties in the model output variables, which are expressed as 
the 95% probability distributions. These are calculated at the 2.5% and 97.5% levels of 
the cumulative distribution of an output variable generated by the propagation of the 
parameter uncertainties using Latin hypercube sampling. This is referred to as the 95% 
prediction uncertainty or 95PPU (Abbaspour, 2015). 
 
In SUFI2, the model result (95PPU) envelops most of the observations. To quantify the 
fit between simulation results, expressed as 95PPU, and observation, SUFI-2 uses two 
statistics p-factor and r-factor, p‐factor is the percentage of observed data enveloped by 
our modeling result (the 95PPU), r‐factor is the thickness of the 95PPU envelop. For 
p‐factor value of >70% for discharge and r‐factor of around 1 is acceptable (Abbaspour, 
























3 MATERIALS AND METHODS 
3.1  Description of the study area 
3.1.1 Location of the study area 
The Gidabo River Catchment is located in the Abaya-Chamo sub-basin of the Rift Valley 
Lakes Basin situated in the southern part of Ethiopia. It is found within southern Main 
Ethiopian Rift, North-East of Lake Abaya in Southern Nations Nationalities and People’s 
Regional State (SNNPRS). More specifically, the river catchment lies in Sidama and 
Gedeo Zones of the SNNPRS and the Borena Zone of Oromiya Regional State. The 















 E longitudes see Fig.3.1. The area coverage of the Gidabo River Catchment is 
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      Figure 3.1 Location map of the study area. (a) Ethiopia and Rift Valley Basin (b) Gidabo River Catchment 




The landscape of the catchment can be broadly categorized into three groups. These are 
the edge of Eastern high plateau, the large eastern escarpment of the Rift Valley and the 
floor of the Rift Valley, with wide range of elevation difference from 1146 m a.s.l. at 
Lake Abaya in the west to about 3213 m a.s.l. in the north east. This wide range of 
elevation is resulting from the late tertiary rifting activity and erosional processes 
(Abraham et al., 2015). The edge of the Eastern high plateau occupies a narrow strip in 
the Eastern and highest part of the catchment ranging from 2410 to 3213m a.s.l.). 
 
The large Eastern escarpment of the Rift Valley takes in the entire eastern zone between 
the altitude of 1535 and 2410m a.s.l. The floor of the Rift Valley is formed by 
ignimbrites which are poured out through cracks opened after the formation of the Rift 
Valley (Birhanu, 2009). The altitude range is from 1146 m a.s.l. to 1533m a.s.l.  
 
3.1.3 Climate of the study area 
3.1.1.1  Rainfall    
Climate in the Gidabo River Catchment ranges from semi-arid in the rift floor to humid 
in the mountains of the escarpment. The Gidabo River Catchment is characterized by bi-
modal pattern of rainfall with two big rain seasons separated by a dry season and with 
relatively medium rain months (with greater than 100 mm monthly average rainfall); 
November–February and June–August respectively (see Fig.3.2 & Fig.3.3).  




Figure 3.2 Long terms mean monthly rainfall graph of the Gidabo River Catchment (1988-2013) 
 
Figure 3.3 Mean monthly rainfall graph of the three selected meteorological stations in and    
around the Gidabo River Catchment (1988-2013) 
3.1.1.2 Temperature 
Like in most parts of Ethiopia, the diurnal variation of temperature in the Gidabo River 
Catchment is more visible than its seasonal variation (Birhanu, 2009). Average monthly 
temperature varies from 20°C to 25°C in the rift floor as seen for Billate and 10 °C to 
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Figure 3.4 Mean monthly temperature graph of the four selected meteorological stations in 
Gidabo River Catchment (1988-2013) 
3.1.1.3 Other climatic data 
Relative humidity, solar radiation and wind speed are needed to calculate evaporation. 
Data for two class-I stations are available in the catchment. The mean annual relative 
humidity, wind speed and solar radiation of  Dilla and Billate Agri Estate I stations were 









 respectively from collected records. 
3.1.4 Soil of the study area  
According to their texture, soils in the Gidabo River Catchment mainly range between the 
sandy alluvial deposits (transported soils) of the river flood plains and the in-situ clayey 
loam soils which have developed on their parental bed rocks (i.e. on volcanic terrain) 
(Birhanu, 2009). The Eastern high plateau and the escarpment area have mainly reddish-
brown silty loam soil derived from weathering of trap-series basalts and post-rift 
ignimbrites. The foot part of the escarpment is mainly covered with red to reddish sandy 
loam soil. This soil is developed from weathering of underlying ignimbrites. The Rift 
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3.1.5 Land use / land cover  
With tropical mountains rainforest character, agro-forestry is the specialized land use 
and vegetation cover both at the upper and lower courses of the major rivers in the 
watershed. In particular, Gedeo Zone has been accredited for intense traditional agro-
forestry practice.  In the agro-forestry zone, mainly in Gedeo Zone, coffee is cultivated 
as cash crop and forms the largest cash source of the majority of the population. 
Under agro-forestry system, Ensete makes the staple food crop. The rift valley floor in 
the lower courses of the major rivers, on the other hand, is covered with savanna types. 
Pastoralists and semi pastoralists occupy this part of the watershed. The natural 
vegetation in this part of the watershed, mainly in the Borena Zone of Oromiya Regional 
State, is used predominantly for extensive pastoralism. 
The middle and lower courses of Gidabo River Catchment, particularly in the northern 
part of the watershed intensive farming practice, including cultivation of grain for 
subsistence and specialized cultivation of various fruits (pineapple, mango, papaya, 






















3.2  Data collection  
3.2.1 DEM (Digital Elevation Model)  
The Digital Elevation Model (DEM) of 30m by 30m was collected from Ethiopian 














3.2.2 Hydrological and sediment 
Daily or monthly flow data is required for SWAT simulated result for calibration and 
validation. This data was obtained from Ministry of Water and Energy, Hydrology and 
Water Quality Directorate, and Ethiopian Construction Design and Supervision Works 
Corporation (ECDSWCo). Depending on the extent of calibration and validation, flow 
data was collected and arranged as per the requirement of SWAT-CUP. Based on the data 
availability three stations were selected Gidabo near Aposto, Bedessa near Dilla and 
Gidabo near Measso (See Table.3.1). 
 
         Figure 3.5 DEM of Gidabo River Catchment 
                                  Impact of Land Use and Land Cover Changes on Stream Flow and Sediment Yield 
30 
 
Table 3.1 Flow and sediment stations names and locations 
Stream flow and 
sediment stations  
X(meter) Y(meter) 
Bedessa near Dilla 422584.95 705262.99 
Gidabo near Aposto 431293.95 746251.04 
Gidabo near Measso* 409875.68 711473.20 
                   *stream flow data only 
Sediment data is also obtained from Ministry of Water and Energy, Hydrology and Water 
Quality Directorate and the data covered very limited gauges and time ranges. Sediment 
rating curve for estimation of sediment yield for different river was obtained from study 
and design of Gidabo irrigation project vol.3 (Ministry of Water and Energy, 2010). Two 
stations were selected which have the sediment concentration data these are Bedessa and 
Aposto stations See Table.3.1. 
3.2.3 Climate                                                                                                                           
3.2.3.1 Rainfall  
Climate data used for SWAT input was collected from Ethiopian Meteorological Agency 
(EMA). These include rainfall, maximum and minimum temperature, solar radiation, 
wind speed and relative humidity. In and around Gidabo River Catchment, there are 24 
stations; but, only some of them have reliable long term data. Thesien polygon method 
was used to check whether the rainfall stations are influential or not. Using these criterion 
13 stations was selected for further analysis the list of these stations displayed in 
Appendix 6. The missing data was assigned -99 values to be filled by SWAT.   
3.2.1.1 Temperature data 
In this study, temperature data is required for generating of evaporation and evapo-
transpiration. The maximum and minimum daily temperature was collected from EMA. 
The missing data were again assigned -99 values to be filled by SWAT.                            
3.2.1.2  Wind speed, relative humidity and sunshine hours 
Two stations have daily data of wind speed, relative humidity and solar radiation. These 
are Dilla and Billate Agri-Estate I. The weather generators of these two stations were 
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developed to generate daily data for other stations see Appendix 2. The weather 
generator requires the daily values of all climatic variables from measured weather data 
of two stations (Dilla &Billate Agri Estate I) with continuous records were used as an 
input to determine the values of the weather generator parameter. The weather parameters 
were developed by using the weather parameter calculator WGN maker 4.1 and dew 
point temperature calculator DEW02. The WGN maker4.1 program calculates the 
monthly daily average and standard deviations as well as probability of wet and dry days, 
skew coefficient, average number of precipitation days in the month, average daily solar 
radiation in month and average daily wind speed in month by reading the daily values 
from the two stations (Dilla &Billate Agri State I). Average daily dew point temperature 
for each month was calculated using Dew point calculator (DEW 02) from daily 
maximum temperature, daily minimum temperature and average relative humidity.   
3.2.4 Software and materials used 
For successful results of the study various software and materials are used. Arc-
Gis(10.2.2) was used for data processing. Hydrological model was used for stream flow 
and sediment simulation, SWAT 12 was used for simulating these variables. Using 
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3.3  Data quality assessment   
3.3.1 Rainfall data screening and analysis 
The data that are used for hydrological manipulations should be consistent and 
homogenous (Dahmen, 1990).Testing the absence of trend and stability of variance and 
mean of annual time series data is the best and simple procedure for screening these data 
(Dahmen, 1990). Limited and missing of hydrological data is an obstacle in the planning 
and design of many water development plans. The estimation of this missing data was the 
first priority before testing for consistent and homogeneity of the data. 
3.3.2 Filling missing rainfall data 
Estimation of missing climatological data is an important task for meteorologists, 
hydrologists and environmental protection workers. There are methods for estimating the 
missing data. For this study normal ratio was selected by comparing the accuracy of the 
methods (Normal ratio method using annual average, multiple regression analysis and 
inverse distance interpolation) for the study area situation. To check the performance of 
the selected methods the data series for 1998 was removed from selected stations, 
because 1998 all data series are full and used for validation of the methods. Then, the 
performance of the methods used for filling the missing data were evaluated using MAE 
(mean absolute error) (Youlong et al., 1999). 
The normal ratio method of spatial interpolation was first proposed by Paulhus and 
Kohler in 1952, and the method was modified by Young (Youlong et al., 1999).  







                                                           3.1 
Wi= weight of the i
th
 nearest station  
Vi= is the observational data of the i
th
 nearest station  
                                𝐖𝐢 =  𝐫𝐢
𝟐 ∗  
𝐧𝐢−𝟐
𝟏−𝐫𝐢
𝟐                                                        3.2 
Where, ri = correlation coefficient between the target station and the i
th
 surrounding 
station and ni= the number of points used to derive the correlation coefficient  
3.3.3 Absolute consistency and homogeneity 
The individual rain fall time series of hydrological data may show jumps and trends. 
These are called inconsistency and non-homogeneity. Inconsistency is a change in the 
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amount of systematic error associated with the recording of data. It can originate from the 
use of different instruments and methods of observation. Non-homogeneity is a change in 
the statistical properties of the time series. Its causes can be either natural or man-made. 
These include alterations to land use, relocation of the observation station, and 
implementation of flow diversions. 
The individual time series data was checked using F-test for stability of variance, T-test 
for stability of mean and absence of trend (i.e., correlation between the order in which the 
data collected and the increase or decrease in magnitude of those data) using Spearman’s 
rank-correlation method (Dahmen, 1990). The method is based on the Spearman rank-
correlation coefficient, Rsp, which is defined as: 





                                            3.3 
Where, n= is the total number of data 
D= is difference  
  i= is the chronological order number 
The difference between rankings is computed with  
                                            𝐃𝐢 = 𝐊𝐱𝐢 − 𝐊𝐲𝐢                                                       3.4 
Where Kxi is the rank of the variable x, which is the chronological order number of the 
observation. The series of observations, yi is transformed to its rank equivalent, Kyi by 
assigning the chronological order number of an observation in the original series to the 
corresponding order number in the ranked series, y (Dahmen, 1990). Then using null 
hypothesis Rsp =0 (there is no trend) or alternative hypothesis Rsp< > 0 with the test 
statistic 





                                3.5 
The time series has no trend if 𝑡 𝑣, 2.5% < 𝑡𝑡 < 𝑡 𝑣, 97.5%  𝑡𝑡  t-distribution with 
𝑣 = 𝑛 − 2 degrees of freedom. 
The tests for stability of variance, stability mean and absence of trend verify not only the 
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3.3.4 Relative consistency and homogeneity 
After assuring the absolute consistency and homogeneity of the data series, one can use 
double-mass analysis to test its relative consistency and homogeneity (Dahmen, 1990). 
Relative (refer to with Neighbors station) consistency and homogeneity was tested using 
double-mass curve. The double-mass curve is based on the graph of the cumulative of 
one quantity (rain fall) against the cumulative of another quantity or pattern, which is 
composed of the average of many records during the same period will plot as a straight 
line if the data are proportional; the slope of the line will represent the constant of 
proportionality between the quantities (Searcy and Hardison, 1960). 
3.4  Model setup 
SWAT is highly data intensive model that requires specific information about the 
watershed such as topography, land use and land cover, soil properties, weather data, and 
other land management practices. These data were collected from different sources and 
databases. 
3.4.1 Digital Elevation Model 
Digital Elevation Model (DEM) data is required to calculate the flow accumulation, 
stream networks, and watershed delineation using SWAT watershed delineator tools. A 
30m by 30m resolution Digital Elevation Model was obtained from Ethiopian 
Construction Design and Supervision Works Corporation (ECDSWCo). This data was 
projected to Universal Transverse Mercator zone 37N on spheroid of WGS_1984 and it 
was in raster format to fit in to the model requirement (see Fig.3.5).    
3.4.1.1 Slope     
Slope classification was carried out based on the literature review of the study area 
(Abraham et al., 2015). The slope values of the watershed were classified in percent (see 









































Slope range (%) Area(ha) Area (%) 
0-5 42723 17.1 
5-12.5 91490 36.6 
12.5-22.5 66972 26.8 
22.5-36 38313 15.3 
>36 10194 4.1 
Figure 3.6 Slope map of the Gidabo River Catchment 
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3.4.2 Weather data 
SWAT requires daily meteorological data that can be read from a measured data or can 
be generated by a weather generator model. In this study, the weather variables used for 
driving the hydrological balance are daily precipitation, minimum and maximum air 
temperature, relative humidity, wind speed, and daily sunshine hours for the period 
1988–2013. These data were obtained from Ethiopian National Meteorological Agency 
(NMA) for stations located in and around the watershed (See Fig.3.7). Using the selected 
data quality assessment method the weather stations selected for this study out of 13 
stations are nine stations the rest stations excluded because they failed in the testing 
process. The selected stations in and around Gidabo River Catchment are Aletawondo, 
Billate.Agri Estate I, Dilla, Hagere Selam... See Fig.3.7. Billate.Agri Estate I and Dilla 
stations are the first classes (Class-I-S) that have all five climatic data. Hagere Selam, 
Telamo.K, Wonago, Yirgalem and Yirgachefe stations are the class three stations (Class-
III-S) that have maximum and minimum temperature and rainfall climatic data. The rest 
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Table 3.3 Meteorological station names and locations  
Station name X(meter) Y(meter) 
Aletawondo 435670.37 729998.10 
Billate AgrEstate I 396854.05 746211.12 
Dilla 422582.84 703793.10 
Hagere Selam 446925.33 715184.89 
Kebado 426275.41 711154.25 
Telamo kentiso 444645.51 756864.15 
Wonago 418888.22 698266.94 
Yirga alem 435680.70 744381.95 
Yirga chefe 412391.02 679929.95 
    
Missing values were identified in some of the climatic variables. These values were 
assigned with no data code (-99) which then filled by the weather generator in the SWAT 
model from monthly weather generator parameters values. The monthly generator 
parameters values were estimated from Billate Agri Estate I and Dilla stations. 
Figure 3.7 Location of meteorological stations in and around the catchment  
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3.4.3 Soil data 
Soil map of the Gidabo River Catchment is obtained from MOA in shape file format (see 
Fig.3.8). Soil is an important factor in determining the amount of run-off in a catchment. 
Different soil properties in a catchment can have a major effect on the rate of the lags in 
hydrological processes (Perry, 2015). In addition to soil map soil physical and chemical 
properties such as soil texture, available water content, hydraulic conductivity, bulk 
density and organic carbon content for different layers of each soil type where obtained 
from FAO soil data base (FAO, 2002)and using SPAW (Saxton and Rawls, 2006)see 
Appendix 4. Soil texture in %, organic matter content and bulk density were obtained 













          
 
 
                                   
            Figure 3.8 Soil map of the Gidabo River Catchment 
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To combine the soil map with SWAT model, a user soil database which contains textural 
and chemical properties of soils was prepared for each soil layers and added to the 
SWAT user soil databases. The lookup table was also prepared to connect soil map to 
SWAT user soil databases in the GIS interfaces using name option. Areal coverage of the 
soil types are presented in Table 3.4.                                                                          
Table 3.4 Soil types of Gidabo River Catchment and their areal coverage 
Soil type                                        Area 
 ha % 
Pellic Vertisols 56555.8 22.6 
Orthic Luvisols 36719 14.7 
Calcaric Flubisols 8374.7 3.3 
Chromic Vertisols 53121.3 21.3 
Eutric Nitisols 1687.5 0.7 
Chromic Luvisols 5853.3 2.3 
Calcic Fluvisols 6613.9 2.6 
Eutric Cambisols 64550.2 25.9 
Dystric Nitisols 16216.4 6.5 
Luvisols are soils that have higher clay content in the subsoil than in the topsoil as a 
result of pedogenetic processes (especially clay migration) leading to an argic (contains 
clay) subsoil horizon. Vertisols are churning, heavy clay soils with a high proportion of 
swelling clays. These soils form deep wide cracks from the surface downward when they 
dry out, which happens in most years. Cambisols are developed in medium and fine-
textured materials derived from a wind range of rocks, mostly in alluvial, colluvial and 
Aeolian deposits. Most of these soils make good agricultural land and are intensively 
used. Gidabo River Catchment is dominated by different groups of soil. The major 
dominant soil groups for Gidabo River Catchment are Eutric Cambisols (25.85%); Pellic 
Vertisols (22.65%) and Chromic Vertisols (21.27%) see Fig.3.8. The last two soils are 
characterized by higher clay content. 
The soil map of the study area was prepared in raster format to fit the model requirement 
and was given to the model. The user soil database was linked to soil map using the look 
up table, which was given as input to the SWAT model in .dbf (data base) format. 
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3.4.4 Land Use and Land Cover 
The hydrological properties of the watersheds are highly influenced by Land use. It is one 
of the main input data of the SWAT model to describe the Hydrological Response Units 
(HRUs) of the watersheds (Kassa, 2009). The information contained in the land use/land 
cover shows how the different uses of the surface are distributed inside the study area. 
For this study two land uses/cover were obtained for the year 1990 and 2013. For 1990 
land use/ land cover map Land sat imagery was obtained from EMA. Based on the study 
area land use/ land cover type the image classification was conducted and the land cover 
map was produced using ERDAS imagine see Fig.3.9 (a).  
Before starting classification of the imagery data land use and land cover classes have to 
be differentiated using the available data source such as previous research in study area 
(Abraham et al., 2015). Five different types of land use have been identified for Gidabo 
River Catchment. These are crop land (cultivated land), forest land, Grass land, 
settlement (impervious land) and wet lands. Image classification is the process of 
assigning of pixels of continuous raster image to the predefined land cover classes.  The 
result of the classifications is mostly affected by various factors such as classification 
methods, collecting of training sites etc. it must be kept in mind that maps are simple 
attempts to represent what actually exists in the area and are never completely accurate. 
Different classification techniques are presented in the literature. 
For this study the supervised classification type was applied. It is the most common type 
of classification technique in which all pixels with similar spectral value are assigned in 
to land cover classes. For this study the land cover was produced based on supervised 
classification through the steps such as selecting of the training sites which are 
representative for the land cover classes and by performing the classification using the 
Maximum likelihood classifier.  
The 2013 land use was obtained from EMA in raster format see Fig.3.9 (b). SWAT has 
predefined land uses identified by four letter codes and it uses these codes to connect land 
use to SWAT land use databases in the GIS interfaces. When preparing the lookup table, 
the land use types were made compatible with the input needs of the model.  
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Table 3.5 Area of land covers types and change statistics of Gidabo River Catchment for the 
period of 1990 and 2013                                                            
Land use type 1990 2013 2013-1990 
 [ha] % [ha] % %Change 
Forest (Forest-
Evergreen/FRSE) 
189915.21 76.06 151844.68 60.81 -15.25 
Crop land (Agricultural 
Land-Generic-/AGRL) 
27985.74 11.21 76585.87 30.67 19.46 
Grass land 
(Pasture/PAST) 
9434.08 3.78 17584.75 7.04 3.26 
Wetlands/WETL 13799.62 5.53 3513.78 0.07 -5.46 
Settlement (Residential-
Low Density/URLD) 
8557.5 3.43 - - - 
Settlement (Residential-
Medium Density/URMD) 
- - 163.08 1.41 - 
Figure 3.9 Land use/land cover map of Gidabo River Catchment in year 1990(a) and 2013(b) 
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The prepared land uses map was given as input to the model. The look up table 
containing many SWAT land cover/use codes was used to connect the SWAT land use 
data base the land use layer in .txt format. 
3.4.5 Sediment and stream flow data 
The sediment-discharge relationships were obtained from study and design of Gidabo 
irrigation project vol.3 (Ministry of Water and Energy, 2010). 
For Gidabo river at Aposto with R
2
=0.9 (Appendix 8) 
                                                        𝐐𝐬 = 𝟏𝟏. 𝟗𝟐𝟗 ∗ 𝐐
𝟏.𝟏𝟐𝟑                    3.6 
For Bedessa near dila with R
2
 =0.96 (Fig.3.10) 
                                                        𝐐𝐬 = 𝟏𝟓. 𝟖𝟏 ∗ 𝐐
𝟏.𝟐𝟗𝟔                           3.7 
Qs= is sediment discharge in tons/day and Q is the discharge in m
3
/s 
These equations were used to estimate the sediment yield for Aposto and Bedessa 
stations and area ratio method was used for developing an equation at the catchment 
outlet by using sum of sediment yield at gauged site because the catchment 
characteristics are more or less the same . Finally the relationship between sediment yield 
and discharge in the outlet were developed for estimating the sediment at the Gidabo 
River Catchment outlet (Measso station). Based on the range of the flow, it was decided 















For high flow Qs=0.137*Q
2.382
  With R
2
 value of 0.81 (Fig 3.11.a) 




 value of 0.79 (Fig 3.11.b) 




 value of 0.96 (Fig 3.11.c) 
 
 
                                  Impact of Land Use and Land Cover Changes on Stream Flow and Sediment Yield 
43 
 
                                 
Figure 3.10 Discharge vs. Sediment Rating curve developed for Bedessa gauged station 
            
                                      
Figure 3.11 Discharge vs. Sediment Rating curve developed for Gidabo River Catchment (in 
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3.4.6 Watershed characteristics 
Sediment yield of a watershed is affected by the physical catchment characteristics. 
Sedimentation in reservoir or downstream is result of catchment erosion and deposition 
process, which are controlled by terrain form, soil, surface cover, drainage network, and 
rainfall related environmental attribute. 
Table 3.6 Major terrain characteristics and their relation to erosion processes 
Terrain attributes Definition/description and relation with erosion 
Catchment area(A) represent discharge 
Height difference (HD) runoff potential, erosive power 
 HD=maxE-minE 
Slope flow velocity and momentum of runoff 
Hypsometeric integral(HI) Distribution of elevation within catchment 
HI =
mean E − min E
max E − min E
 
 
Relief ration (RR) intensity of erosion process 
  
RR =
max E − min E
L
 
Drainage length(DL) sediment transport potential 
 DL=sum of length of all stream 



















A= basin planimetric area (m2); mean E, maxE, min E= mean, maximum, and minimum elevation of 
catchment (m); L= horizontal distance between the outlet of a catchment and the most remote point on the 
water divide (m); HD=height difference or basin relief (m), DL= drainage length (m); ACp=area of a circle 
having a perimeter equal to the perimeter of a catchment (m2); DC=diameter of a circle with the same area 
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3.5  Data preparation and Model setup 
3.5.1 Watershed delineation 
After model input preparation model setup was the next step. The data base containing 
user soils and weather generator was copied to the new folder which contains all the 
necessary input data. 
The watershed delineation was performed using 30 m resolution DEM using Arc SWAT 
12 watershed delineator. First the SWAT project setup was created using the folder 
contain all input data and SWAT12.mdb database. The watershed delineation process 
consists of six major steps, DEM setup, stream definition, and outlet and inlet definition, 
watershed outlet selection and adding reservoir and calculation of sub basin parameter. 
The stream definition and the size of sub basin were determined by using threshold area 
3500.89 hectares. User selected threshold stream definition plays important role in 
determining the detail of the stream network and the size and number of watershed. The 
smaller the number of hectares the more detailed the drainage network delineated.  The 
Gidabo River Catchment was delineated in to 57 sub basin with an area of 2497km
2
 by 
selecting the outlet in the Measso station. During the watershed delineation process the 
elevation of the watershed ranges from 1197 to 3178 a.m.s.l. the highest elevation is at 
Gelala summit (Abraham et al., 2015) in the north east and the lowest point is in the west. 
The description of the delineation process is described in the flowing section. 
3.5.1.1  Outlet definition  
Introducing DEM data to the model was the first step. The DEM was projected to 
Universal Transverse Mercator under zone 37N in Spheroid of WGS_1984. After DEM 
data was processed stream definition was the next step, in stream definition initial stream 
network and sub-basin outlet were defined. 
Watershed delineation is more refined by defining the outlet point of discharge for the 
sub-basin and for the whole watershed. The location of the stream flow gauges and 
Gidabo dam axis were connected to the interface using the data base table see Fig.3.12. 
The watershed outlet was defined manually in Measso station. 
 

















                








Final step in the delineation of the watershed was adding reservoir next to calculation of 
basin parameter. 
Figure 3.12 Outlet locations of the Gidabo River Catchment  
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3.5.2 Defining land use/soil data and slope 
Land use, soil map and slope were overlaid for each sub-basin, which forms the basis for 
the formation of Hydrological Response Units (HRUs) (Neitsch etal., 2011). 
3.5.3 HRU definition 
After the overlay of the land use, soil and slope maps was completed the next step was 
HRU definition. Dividing the watershed in to unique land use, soil and slope 
combinations help the SWAT model to reflect difference in hydrological conditions for 
the different land use, soil and slope. There are two options in the model to define HRU. 
The first one is a single HRU to each sub-watershed and the second one is multiple 
HRUS to each sub watershed based on threshold values. Threshold value is used to 
remove minor land use/covers in sub basins, minor soil with in a land use/cover area and 
minor slope classes in a soil classes with in a soil on specific land use/cover area 
(Asmamaw, 2013). 
For this study multiple options and 5% land use threshold, 20% soil threshold and 20% 
slope threshold was used for HRU definition. This means minor land use less than 5% in 
sub-watershed was removed, minor soil less than 20% in a land use was removed and 
minor slope classes less than 20% in a soil classes with in specific land use/cover was 
removed. The Gidabo River Catchment was divided in to 425 HRUs and 57 sub-basins, 
each HRUs contain unique land use, soil and slope combinations. 
3.5.4 Setting up of the model for simulation  
After HRUs definition, daily values of precipitation, maximum and minimum 
temperature, solar radiation, relative humidity and wind speed were provided to define 
weather data base. Rainfall data for the 9 gauging locations was provided, which contains 
locations of the rain gauge. The gauge location .txt file and the .txt file which contained 
the daily values are in the same folder for each gauge locations. Temperature, wind 
relative humidity and solar radiation also provided to the model using the gauge location 
.txt file, these files and the daily data of the climatic variables also in the same folder. 
The missing values were generated from monthly average climatic data by WGN maker 
4.1 weather generator model. Evapo-transpiration is a mechanism by which water from 
the watershed is removed. SWAT use three methods for estimating PET. Out of these 
methods Penman-Monteith method was chosen because of daily data availability of 
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weather data. “Daily Rain/CN/Daily Rout (0)” which means daily rainfall/curve number 
run off/ daily routing method was used for rain fall- run off method. Model was run on 
the monthly and annual basis using 1 years NYSKIP (numbers of years skip for model 
warm up) for both land use maps. 
3.6 Sensitivity analysis, calibration, validation and uncertainty analysis 
SWAT-CUP enables sensitivity analysis, calibration, validation and uncertainty of 
SWAT models. Automated model calibration requires that the uncertain model 
parameters are systematically changed, the model is run and the required outputs 
(corresponding to measured data) are extracted from the model output files (Abbaspour, 
2015). The function of SWAT-CUP is to provide link between the input/output of a 
calibration program and the model see Fig.3.13. The file exchange was completed using 
text file (Txt-In-out) format.  
Synchronizing SWAT execution file version between Arc SWAT 12 and SWAT-CUP 
was the first step before the calibration process. SWAT exe file (SWAT_32rel.exe) was 
copied from the Arc SWAT 12 installation directory and pasted in SWAT-CUP 
installation directory then the SWAT_32rel.exe file renamed to swat.exe. The old 













Figure 3.13 Schematic of the linkage between SWAT and SUFI-2 program (Abbaspour, 2015) 
                                  Impact of Land Use and Land Cover Changes on Stream Flow and Sediment Yield 
49 
 
3.6.1 Sensitivity analysis  
Sensitivity can be defined as the process of determining the rate of change in the SWAT 
model output to changes in parameters (model input). Two kind of sensitivity analysis 
was performed  (Abbaspour, 2015). These are Global and one-at-time sensitivity analysis. 
In this study the global sensitivity performed by SUFI-2 was examined. Global sensitivity 
estimates the average changes in the objective function from changes in each parameter, 
while all other parameters are changing. Global sensitivity requires larger simulation 
(Perry, 2015). In this study the number of simulation for calibration was 500.  
3.6.2 Calibration, validation and uncertainty Analysis  
Sensitivity, calibration, validation and uncertainty were performed for stream flow and 
sediment yield using river discharge and sediment load. SUFI-2 was used for calibration 
and uncertainty analysis. Calibration is model testing with known measured output, and 
adjusting parameters for the most sensitive once which will result in a more accurate 
representation of the system being modeled (Perry, 2015). 
In SUFI-2, all sources of uncertainties are mapped to a set of parameter ranges. They are 
calibrated with the aim of bracketing most of the observed data with as narrow as 
possible in uncertainty band (Abbaspour et al., 2014). Initially, a set of parameter ranges 
are assigned to calibrating parameters based on literature (Abbaspour et al., 2014; 
Abraham et al., 2015) and sensitivity analyses. Then a set of Latin hypercube samples are 
drawn from the parameter ranges, and the objective function is calculated for each 
parameter set. The uncertainty is quantified at the 2.5% and 97.5% levels of the 
cumulative frequency distribution of all simulated output values, and it is referred to as 
the 95% prediction uncertainty (95PPU). The lower, middle, and upper boundaries of the 
95PPU (L95PPU, M95PPU, and U95PPU) reflect the 2.5, 50, and 97.5 percentiles of the 
distribution, respectively (Abbaspour, 2015). 
The model performance in terms of calibration and uncertainty level is evaluated using 
the p-factor and the r-factor. The p-factor is the percentage of measured data bracketed by 
the 95PPU band. It ranges from 0 to 1 where 1 means all of the measured data are within 
the uncertainty band (i.e., model prediction).The r-factor is the average width of the band 
divided by the standard deviation of the measured variable. It ranges from 0 to ∞ 
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(Abbaspour et al., 2014). Based on source of data the calibration period was from 1989 to 
1995 for 1990 land use and from 1997 to 2002 for 2013 land use. The program was 
simulated 500 times for 5 iterations both for stream flow and sediment parameters.   
When acceptable values of r-factor and p-factor are reached, then the parameter 
uncertainties are the desired parameter ranges. Further goodness of fit can be quantified 
by the R
2
 and Nash‐Sutcliff (NS) coefficient between the observations and the final 
“best” simulation (Abbaspour, 2015). The final step after calibration is the validation 
process. Validation process demonstrates that the model is capable of making sufficiently 
accurate simulations (Perry, 2015). The validation period was from 1997 to 2000 for 
1990 land use and from 2004 to 2006 for 2013 land use. The calibrated parameter range 
and number of simulation was used in the validation process Appendix 7.4. 
In this study the parameters were adjusted using previous studies, global and one-at-time 
sensitivity analysis. Table 3.8 and 3.9 shows parameters used for calibration of stream 
flow and sediment yield and their initial ranges and the way they are adjusted in the 
SWAT-CUP. The type of change applied for the parameter was based on the SWAT-
CUP manual (Abbaspour, 2015). 
3.6.3 Model efficiency evaluation  
For model performance evaluation both graphical techniques and quantitative statistical 
analysis should be used to compare the measured data to the simulated data (Moriasi et 
al., 2007). In this study graphical techniques, coefficient of determination (R
2
), Nash-
Sutcliffe Efficiency (NSE) and percent BIAS were used. 
The coefficient of determination R
2
: value is an indicator of strength of relationship 
between the observed and simulated values. It indicates how well the dispersion of the 
measured data is predicted by the model. Its value ranges between 0 and 1, with the zero 
being no correlation at all and value of one indicates perfect match. The more it 
approaches to 1 the more correlation between observed and simulated the value of R
2
 
greater than 0.5 are considered to be acceptable (Perry, 2015). R
2
 is computed as shown 
in the equation 3.8 
                                𝐑𝟐 =  
    𝐐𝐬𝐢𝐦−𝐐 𝐬𝐢𝐦 ∗ 𝐐𝐨𝐛𝐬−𝐐 𝐨𝐛𝐬  
𝟐𝐧
𝐢=𝟎  
   𝐐𝐨𝐛𝐬−𝐐 𝐨𝐛𝐬 





      3.8 
                                Qsim= Q simulated 
                                Qobs= Q observed 
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The Nash-Sutcliffe simulation efficiency (ENS): NSE is an indication of how well the 
plot of observed versus simulated data fits the 1:1 line. If the measured value is the same 
as all prediction, ENS is 1. If ENS is between 0 and 1, it indicates deviations between 
measured and predicted values. If ENS is negative, predictions are very poor, and average 
value of output is better estimate than the model prediction. NSE is computed using 
equation 3.9. The ranges of NSE is between -∞ and 1. The model simulation can be 
judged as satisfactory if NSE>0.5 (Moriasi et al., 2007).  










        3.9 
Where Yi 
obs
 is the i
th
 observation for the constituent being evaluated, Yi 
sim
 is the i
th
 
simulated value for the constituent being evaluated, Y
mean
 is the mean of observed data 
for the constituent being evaluated, and n is the total number of observations (Moriasi et 
al., 2007).  
Percent bias (PBIAS): PBIAS measure the average tendency of the simulated data to be 
larger or smaller than their observed counterparts. The optimal value of PBIAS is zero, 
with low magnitude values indicating accurate model simulation. Positive values indicate 
model underestimation bias, and negative values indicate model over estimation. If 
PBIAS value of ±10 %< PBIAS<±15% is achieved in flow calibration or validation then 
the model performance is good (Moriasi et al., 2007). Equation 3.10 
                                              𝐏𝐁𝐈𝐀𝐒 =






∗ 𝟏𝟎𝟎                                          3.10 
Where: n is the number of observations during simulation period, Qobs is the observed 
flow, Qsim is simulated flow with respect to time 
Table 3.7 General performance ratings for monthly time step (Moriasi et al, 2007) 
Performance rating  R
2
 NSE PBIAS 
Very good 0.75 < R
2
< 1.0 0.75 < NSE< 1.00 PBIAS ≤ ±10 
Good  0.65< R
2
< 0.75 0.65< NSE< 0.75 ±10≤ PBIAS ≤ ±15 
Satisfactory  0.50< R
2
< 0.65 0.50 < NSE < 0.65 ±15 ≤ PBIAS ≤ ±25 
Unsatisfactory  R
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Relative (r__) means the existing parameter value is multiplied by (1+ a given value). 
Replace (v__) means the existing parameter value is to be replaced by the given value. 
Table 3.8 List of parameters and their initial ranges used for model calibration of stream flow 
 
Table 3.9 List of parameters and their initial ranges used for model calibration of sediment yield 
Parameter Name 
 
Description Min Max 
v__CH_COV2.rte Channel cover factor -0.001 1 
v__CH_COV1.rte Channel erodibility factor -0.05 0.6 
v__ SPCON.bsn Linear parameter for calculating the maximum 
amount of sediment that can be re-entrained during 
channel sediment routing 
0.0001 0.01 
v__ SPEXP.bsn  Exponent parameter for calculating sediment re-
entrained in channel sediment routing. 
1 1.5 
v__USLE_P.mgt USLE equation support practice factor 0 1 







Parameter Name Description Range 
Min Max 
v__ALPHA_BF.gw Base flow alpha factor( days) 0 1 
v__CN2().mgt SCS runoff curve number for moisture condition II 35 98 
v__GW_DELAY.g Ground water delay time (days) 30 450 
v__GWQMN.gw Threshold depth of water in shallow aquifer for 
return flow to occur (mm) 
0 5000 
v__GW_REVAP.gw Ground water revap. Coefficient 0.02 0.2 
v__RCHRG_DP.gw Deep aquifer percolation fraction 0 1 
v__REVAPMN.gw Threshold depth of water in the shallow aquifer for 
"revap" to occur (mm) 
0 500 
v__SLSUBBSN.hru Average slope length (m) 10 150 
v__ESCO.hru Soil evaporation compensation factor 0 1 
v__CANMX.hru Maximum canopy storage 0 10 
v__CH_K2.rte Effective hydraulic conductivity in the main channel 
(mm h-1) 
0 150 
r__SOL_AWC().sol Soil available water storage capacity (mm H2O/mm 
soil) 
-0.25 0.25 
r__SOL_K().sol Soil conductivity (mm h
-1) -0.25 0.25 
r__SOL_Z().sol Maximum rooting depth of soil profile (m) -0.25 0.25 
v__HRU_SLP.hru Average slope steepness (mm
-1) 0 0.6 
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3.7 Evaluation of stream flow and sediment yield due to LULCC 
The impacts of land use/land cover change on stream flow and sediment yield was one of 
the most important parts of this study. This study was conducted for two different years 
1990 and 2013. The two land use maps, soil, climate and stream flow data and sediment 
data were used to evaluate the impacts of land use and land cover changes on stream flow 
and sediment yield.  
3.8  Scenario development 
Scenario development was conducted in SWAT land use update (.LUP). The land use 
update is used to change land cover type after HRUs have been defined. This function 
can be used for land use/land cover change impact because it updates the HRU fraction in 
sub-basin to show the land use change effect (Winchell etal, 2013;Pai and Saraswat, 
2011). The land use update edit dialog was launched by selecting “land use update 
(.LUP)” from Edit SWAT input menu. Only one land use update operation conducted in a 
given date and year (Winchell etal, 2013). In this study, simple hypothetical scenarios 
were set considering the current land use trend of the study areas. Three land use 
scenarios were simulated. 
The first scenario 53% of forest land is changed to Agricultural land as result of 
population pressure in the catchments. In SNNPR region there is high population growth, 
the population growth is 2.9 percent in year and the population projected to 22.2 million 
in 2025 and 31.32 million in 2050 (SNNPR Finance and Economic Bureau, 2015). In 
Gidabo River Catchment many new settlements, both urban and rural, are coming into 
being and the already existing ones are growing in population size at alarming rates 
(Ministry of Water and Energy, 2010). Based on, the 1994 and 2007 census conducted by 
the Central Statistical Agency (CSA) of Ethiopia, the total population in Sidama and 
Gedeo zone increased by 44% and 50% (CSA, 2008). The second scenario 19% of forest 
land is changed to agricultural land. The last scenario 35% of grass land is changed to 
agricultural land       
 
  




4 RESULTS AND DISCUSSION 
4.1 Input data analysis results 
4.1.1 Relative consistency and homogeneity  
The graphical sketch shows double mass curve see Fig.4.1, 4.2, 4.3, showing relative 
consistency of the selected stations, with no slope variation in between the time series 
data of all rainfall stations. 
          
Figure 4.1 Double mass curve for Kebado, Yergaalem and Dilla stations 
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Figure 4.3 Double mass curve for Yergachefe, Hagereselam and Telamo/K 
4.2 Physical catchment characteristics 
The physical catchment characteristics of the two gauged sub-watersheds (Aposto and 
Bedessa) and Gidabo River Catchment outlet were determined from 30m DEM see Fig 
4.4. The physical catchment characteristics of Gidabo River Catchment are similar see 
Table 4.1. Generally runoff and sediment yield in the watershed are affected by the 
physical catchment characteristics (PCC). These are climatic characteristics, geography 
and physiographic, land use and cover conditions. The climatic characteristic of Gidabo 
River Catchment is similar.  
The circularity index of both gauged catchment and Gidabo River Catchment is more or 
less similar. The result indicated that the catchment is elongated with smaller CI value. 
This result also approved by the elongation ratio. The slope of the Gidabo River 
Catchment also showed similarity. The drainage density of the Gidabo River Catchment 
also shows similarity with a low drainage density both for gauged catchment and the 
Gidabo River Catchment. This means the catchment drained poorly with a slow 
hydrologic response. 
The land use and land cover conditions in the Gidabo River Catchment are mainly 
dominated by forest land followed by crop land for gauged and for Gidabo River 



































































      Figure 4.4 Sub-catchments in Gidabo River Catchment 
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Table 4.1 Physical characteristics of Gidabo River Catchment 
 
**Ruggedness number (RG) = Index of basin ruggedness= HD*A-0.5 
 




) 646 149.8 2947 
RF(mean annual 
precipitation)(mm) 
1214 1495 1499 
Max E(m) 3178 2531 3178 
Min E(m) 1654 1501 1197 
Mean E(m) 1848 1789 1851 
HD(height difference) 1524 1030 1981 
Hypsometric integral(HI) 0.127 0.280 0.330 
Relief ratio(RR) 0.038 0.063 0.014 
Ruggedness number(RG)
** 60 84 36 
Slope (%)    
0-5 19.86 4.71 17.62 
5-12.5 32.23 16.15 35.98 
12.5-22.5 23.84 28.53 26.03 
22.5-36 15.11 26.88 13.75 
>36 9.07 23.36 6.61 
Main stream 
slope(SS)(HD/DL) 
31 36.4 15 
Sub-basin slope (%) 16 26 15 
Land use(2013)    
FRSE (%) 75 61 55 
PAST (%) 2 0.12 4 
AGRL (%) 16 35 30 
Drainage length (DL)(Km) 48.9 28.3 134 
Drainage density(DD) 0.076 0.189 0.045 
Perimeter(Km) 174 90 416 
Catchment shape ideces    
Circularity index(CI) 0.268 0.228 0.213 
Elongation ratio(ER) 1.13 1.02 0.99 
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4.3 Initial model results 
The SWAT model was setup and run on monthly basis. The initial run was for 26years 
from 1988 to 2013 with a one year warm up period. The initial simulated stream flow 
compared with the measured flow in Aposto gauged station located in sub-basin 7 and 
Bedessa which is located in sub-basin 54. The NSE was used to evaluate the initial model 
performance. The initial model performance was carried out using SWAT-CUP user 
manual procedure by changing the number and simulation of the parameter in to 1 in the 
Par_inf (parameter information text file) and by setting up dummy parameter change (ex. 
r__SFTMP.bsn   0…..0) (Abbaspour, 2015). 
 
Figure 4.5 Initial comparison between measured and simulated monthly flow in Aposto gauged 
























































































































































Figure 4.6 Initial comparison between measured and simulated monthly flow in the Bedessa 
gauged station (sun-basin 54) from 1989-2013 using 1990 land use 
The initial model performance in Aposto and Bedessa gauged stations showed 
unacceptable model result, with NS values of 0.07 for Aposto station and 0.01 for 
Bedessa station. According to performance criteria values <0.5 indicates that 
unacceptable performance in both stations (Moriasi et al., 2007). SWAT simulation of 
runoff and sediment yield includes many parameters and different process which need to 
be calibrated to agree with the observed flow and sediment values. 
4.4 Stream flow modeling  
Sensitivity analysis of simulated stream flow for the watershed was performed using 
monthly observed stream flow using SUFI2. Based on the sensitive parameters manual 
and SUFI2 flow calibration was performed for 7years (1989-1995) for 1990 land use and 
for 6 years (1997-2002) for 2013 land use. Calibration was conducted for both land use 
using measured stream flow near to the two land use see Appendix.5. Stream flow 
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4.4.1 Sensitivity analysis  
The results of a sensitivity analysis can be used to eliminate non-sensitive parameters 
from the calibration process. First the initial range of parameters was assigned based on 
literature and SWAT absolute values. All results of the global sensitivity were using first 
iteration with 500 simulations.    
The results of global sensitivity analysis of the parameter in SUFI-2 for calibration for 
both land use maps are displayed in Table 4.2. The t-statistic gives a measure of the 
sensitivity of the parameter. The p-values show the significance of the sensitivity. The 
larger absolute value of t-stat shows more sensitive and the smaller p-values indicates 
higher significance of the sensitivity. 
Table 4.2 Results of the global sensitivity analysis after the first initial iteration using SUFI-2 for 
both land use using the same initial parameter range.  
Parameter 
Name 
For 1990 land use Rank Parameter Name For 2013 land use 
t-Stat P-Value  t-Stat P-Value 
CN2.mgt -6.00 0.00 1 CN2.mgt -14.96 0.00 
HRU_SLP.hru 5.28 0.00 2 ESCO.hru -2.50 0.01 
RCHRG_DP.gw -5.21 0.00 3 HRU_SLP.hru -2.41 0.02 
SOL_AWC.sol -3.66 0.00 4 ALPHA_BF.gw -2.18 0.03 
ESCO.hru 3.49 0.00 5 GWQMN.gw 1.43 0.15 
ALPHA_BF.gw 3.27 0.00 6 GW_DELAY.gw 1.36 0.17 
GW_REVAP.gw -2.87 0.00 7 SOL_K.sol -1.36 0.17 
SOL_K.sol 1.94 0.05 8 CANMX.hru 1.36 0.18 
SLSUBBSN.hru -1.03 0.30 9 SOL_AWC.sol 1.04 0.30 
CH_K2.rte 1.00 0.32 10 SLSUBBSN.hru 0.92 0.36 
REVAPMN.gw 0.88 0.38 11 SOL_Z.sol 0.91 0.37 
SOL_Z.sol -0.86 0.39 12 REVAPMN.gw -0.53 0.60 
GWQMN.gw -0.85 0.40 13 GW_REVAP.gw 0.15 0.88 
CANMX.hru -0.56 0.58 14 RCHRG_DP.gw 0.09 0.93 
GW_DELAY.gw 0.41 0.69 15 CH_K2.rte -0.02 0.99 
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The most sensitive parameter is the CN2 for both land use maps and the sensitivity is 
highly significant (p-value =0). Next to CN2, HRU_SLP, ESCO, ALPHA_BF.gw and 
SOL_AWC are the next sensitive parameters for the land use maps. The majority of the 
other parameters where also significantly sensitive (close to or equal to zero) all the 
parameters were used during calibration in SUFI-2.The only problem using greater 
number of parameters in calibration would be time that the SWAT-CUP takes to run the 
iteration (one iteration means in this case 500 simulations). For this study all parameters 
were chosen and the run time could be short if less parameter were used but not much. 
Based on the global sensitivity results and one-at-time sensitivity analysis the final 
calibrated parameter range was obtained see Table 4.3.  
Table 4.3 Parameter value ranges for calibration of flow with SUFI-2 that produces acceptable 
values of the p-factor and r-factor for both land use. (..) Indicates the parameter change applied to 














Parameter name For 1990 land use  For 2013 land use  
Min  Max  Min Max 
V__CN2 (..).mgt 35 47.45 59.43 66.71 
V__HRU_SLP.hru 0.50 0.6 0.48 0.60 
V__CANMX.hru 1.08 5.06 1.76 3.06 
V__ESCO.hru 0.49 0.83 0.76 0.85 
V__GWQMN.gw 223.67 387.07 822.54 973.50 
V__ALPHA_BF.gw 0.64 1.0 0.19 0.35 
V__GWDELLAY.gw 46.86 86.32 90.66 96.89 
R__SOL_AWC (..).sol -0.39 -0.19 -0.28 -0.21 
V__SLSUBBSN.hru 10 38.92 104.29 121.74 
R__SOL_Z (..).sol -0.24 0.05 0.12 0.21 
V__GW_REVAP.gw 0.09 0.14 0.178 0.2 
V__REVAPMN.gw 0 17.17 13.42 26.23 
V__CH_K2.rte 91.22 135.35 18.52 37.87 
V__RCHRG_DP.gw 0.09 0.27 0 0.04 
R__SOL_K (..).sol 0.11 0.26 -0.223 -0.052 
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Calibration and validation of a flow was conducted for 1990 land use and 2013 land use 
using different observed stream flows. SUFI-2 operates by performing several iterations 
usually at most <5 (Abbaspour, 2015). In the next iterations the parameter ranges get 
smaller zooming on a region of the parameter space which produces better results in the 
previous iteration (Abbaspour, 2015). As a parameter ranges get smaller the 95PPU (the 
model output) envelops gets smaller leading to small p-factor and smaller r-factor. When 
acceptable values of r-factor and p-factor are reached, then the parameter uncertainties 
are the desired parameter ranges (Abbaspour, 2015). These parameter ranges are 
accountable for all uncertainty and produce 95ppu which means our model output result. 
The 95ppu can be expressed as an envelope of good solutions generated by the parameter 
ranges. To quantify the fit between simulation results expressed as 95PPU and 
observation, p-factor and r-factor are used. Further goodness of fit can be quantified by 
the R
2 
and Nash-Sutcliff (NS) coefficient between the observations and the final “best” 
simulation. The “best simulation” or one best simulation with one parameter set is not 
what we need, in such a stochastic procedure the “best solutions” is actually the final 
parameter ranges (Abbaspour, 2015). 
4.4.2 Modeling using 1990 land use 
Calibration for 1990 land use was conducted using measured data near to the land use. 
Multi gauge calibration was conducted for flow calibration. Multi gauge calibration helps 
to know the catchment in detail. SWAT-CUP is the perfect tool to conduct such 
calibration approach. To conduct multi gauge calibration in SWAT-CUP best default 
model based on the performance of the default model at each outlet station is needed 
(Abbaspour, 2015). Based on the SWAT-CUP calibration protocol and rules for 
parameter regionalization relevant parameters in the upstream of each outlets are 
parameterized (Abbaspour et.al, 2015). 
The results of calibration in successive iteration with 500 simulations using 1990 land use 
and validation results based on the calibrated parameter ranges are displayed in Table 4.4. 
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Table 4.4 Summary of calibrated and validated performance criteria’s and uncertainty analysis 










Aposto Bedessa Aposto Bedessa 
P-factor 0.73 0.70 0.63 0.56 
R-factor 0.82 0.68 0.62 0.61 
NSE 0.56 0.50 0.76 0.53 
R
2 0.70 0.61 0.78 0.54 
PBIAS -15.0 17.0 -12.2 -9.7 




    
Observed 5.23 1.73 5.12 1.95 
Simulated 4.75 1.91 5.06 1.78 
Standard deviation     
Observed 5.01 1.52 4.44 1.62 
Simulated 4.18 1.05 4.26 1.25 
The results of calibration in Aposto station which was located in sub-basin-7 showed 
acceptable p-factor and r-factor with p-factor of 0.73 which bracket 73% of the measured 
data and r-factor of 0.82 which shows the 95PPU band (see Fig 4.7). For model 
performance evaluation NSE, PBIAS and R
2
 were used as criteria and the objective 
function was specified as NSE>0.5 in SUFI-2 in observed.txt file before starting 
calibration. The results of calibration in Aposto station were satisfactory with NS value of 
0.56 (Moriasi et al., 2007). Other statistical measure are presented in Table 4.4 these 
includes correlation R
2
 which is 0.70 which is good correlation and PBIAS value is -15.0 
which indicate good performance (Moriasi et al., 2007).   
The results of calibration in Bedessa station which was located in sub-basin-54 showed 
acceptable p-factor with value of 0.70 and acceptable r-factor with smaller band with the 
value of 0.68 see Fig 4.9. Based on model performance evaluation the model showed 
satisfactory model performance with value of NS 0.50, R
2
 0.61 and PBIAS 17.0 see 
Table 4.4.  








 from Aposto 
gauge.  From 1989 to 1995 for calibration period and from 1997 to 2000 for validation period 
using 1990 land use 
           
Figure 4.8 Regression analysis line of simulated versus observed mean monthly flow in Aposto 









































































 from Bedessa 
gauge.  From 1989 to 1995 for calibration period and from 1997 to 2000 for validation period 
using 1990 land use 
               
Figure 4.10 Regression analysis line of simulated versus observed mean monthly flow in Bedessa 
gauge. (A) Calibration period (1989-1995) (B) Validation period (1997-2000) 
After calibration of the model using multi gauge calibration approach the calibrated 
parameter range is used to validate the model for different period of time. The results of 
the validation shows acceptable result in Aposto station. For Bedessa station the 
statistical results shows satisfactory results. The results of validation in Aposto station 
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bracket 63% of the measured data in 95ppu (i.e. the model result) and r-factor of 0.62 
with smaller band see Fig 4.7. Statistical criterion for model performance evaluation in 
Aposto station shows very good results for both R
2
 and NS and good result for PBIAS. 
Correlation coefficient between the measured and simulated flow showed very good 
results with value of 0.78 and NS value of 0.76 which is also in very good model 
performance range (Moriasi et al., 2007). Generally the model performs well in Aposto 
station by simulating the peak flow and low flow. 
Model flow validation results in Bedessa station showed that the model can capture 56% 
of the observed stream flow data in the 95PPU (the model output) with r-factor of 0.61 
which is smaller band. Both p-factor and r-factor are acceptable (Abbaspour et.al, 2015) 
see Fig 4.9. The model performance evaluation showed that the model performance in 
Bedessa station is satisfactory with NS value of 0.53 and R
2
 value of 0.54. The model 
was able to simulate peak and low flows adequately by the statistical measure (R
2
>0.5) 
(Perry, 2015).  
  
  
                                  Impact of Land Use and Land Cover Changes on Stream Flow and Sediment Yield 
67 
 
4.4.3 Modeling using 2013 land use data 
In this study the calibration and validation of a model was conducted for three stations in 
the catchment. The more calibration and validation stations are available to adjust the 
SWAT model to local and regional watershed characteristics the better simulation of 
water flow and sediment yield (Qi and Grunwald, 2005). This result increased confidence 
when using the model to predict different scenarios (Perry, 2015). The best tool to 
conduct such calibration approach is SWAT-CUP. Calibration and validation of a flow 
was conducted for three gauged catchments including the Gidabo River Catchment out let 
(Measso) at once using SWAT-CUP. The summery results are displayed in Table 4.5   
Table 4.5 Summary of calibrated and validated performance criteria’s and uncertainty analysis 








Aposto Bedessa Measso Aposto Bedessa Measso 
P-factor 0.76 0.65 0.72 0.78 0.64 0.70 
R-factor 0.82 0.67 0.88 1.43 0.72 0.98 
NSE 0.70 0.55 0.70 0.75 0.51 0.56 
R
2 0.70 0.55 0.70 0.78 0.53 0.60 
PBIAS 6.7 3.3 -1.2 15 13.6 6.1 




      
Observed 5.48 2.17 16.19 4.91 1.61 17.14 
Simulated 5.11 2.10 16.38 4.81 1.89 16.09 
Standard deviation       
Observed 5.40 1.92 11.30 3.31 1.45 9.93 
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4.4.3.1 Calibration result  
The result of calibration in successive iteration with 500 simulations in Aposto station 
which is located in sub-basin 7 showed acceptable p-factor and r-factor. With p-factor of 
0.76 which brackets 76% of the measured data and r-factor of 0.82 which shows the 
95ppu band see Fig 4.11(A). For model performance evaluation that measure the 
agreement between measured stream flow and simulated flow NSE, PBIAS and R
2
 were 
used as criteria. The objective function in SWAT-CUP was specified as NSE>0.5 and the 
result of the calibration was 0.70 based on (Moriasi et al., 2007) performance ratings for 
monthly time step NSE value of 0.65< NSE < 0.75 indicate good model performance in 
Aposto station. Other statistical measures comparing the simulated data to the observed 
data in SUFI-2 are presented in Table 4.5. These includes correlation R
2
 which is 0.70 
and this shows good correlation and PBIAS value is 6.7 which indicate very good 
performance (Moriasi et al., 2007). 
Flow calibration in Measso station (Gidabo River Catchment outlet) showed acceptable 
result both for p-factor and r-factor. The p-factor of 0.72 which means 72% of the 
observed data is captured by the 95PPU with r-factor of 0.88 which is acceptable see Fig 
4.11 (B). The correlation between observed and simulated flows showed a good 
agreement with the value of R
2
 0.70, and ENS value of 0.70 which fell in good model 
performance range (Abbaspour, 2015).  
Flow calibration in Bedessa station showed acceptable result in the calibration period. 
The p-factor of 0.65 which is 65% of the observed data is captured by the model output 
or 95ppu with r-factor of 0.67 which is smaller band. Both p-factor and r-factor are 
acceptable (Perry, 2015; Abbaspour et.al, 2015). Other statistical criterion measure the 
agreement between the measured signal and the simulated signal also showed satisfactory 
results. These are correlation R
2 
which is 0.55, ENS 0.55 and PBIAS 3.3 see Fig 4.11 (C) 








     
  
Figure 4.11 Illustration of full SWAT-CUP output for calibration period of 1997-2002 for 2013 
land use showing the observed, best simulation and 95% prediction uncertainty (95PPU) for three 
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Figure 4.12 Regression analysis line of simulated versus observed mean monthly flow during 
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4.4.3.2 Validation results  
The results for validation using the calibrated parameter range for Aposto gauge are 
displayed in the Fig.4.13 (A). For validation period (2004-2006) 78 percent of the 
observed data are captured by 95PPU band with r-factor of 1.43 which is acceptable 
(Abbaspour et.al, 2015). The goodness of fit between observed and simulated flow for 
validation period showed very good result with ENS value of 0.75. The Correlation 
coefficient R
2
 between observed and simulated flow showed very good correlation with 
value of 0.78.  
The results for validation using the calibrated parameter range in Measso station (Gidabo 
River Catchment outlet) are displayed in the Fig.4.13 (B). For validation period 0.70 
percent of the observed data is captured by 95PPU band with r-factor of 0.98. The model 
performance result in Measso station showed satisfactory result with value of NS 0.56 
which is acceptable value. The coefficient of correlation also showed good agreement 
between the observed and the simulated stream flow with the value of 0.6. 
Using the calibrated parameter and the same number of simulation validation of flow 
variable was conducted .the results of validation in Bedessa gauged station showed that 
64% of the observed data was captured by the 95ppu with smaller band which means r-
factor see Fig 4.13 (C). The NS value showed satisfactory model performance results 
with value of 0.53.  
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Figure 4.14 Regression analysis graph of simulated versus observed mean monthly flow during 
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4.5 Sediment yield modeling 
After calibration and validation of flow variable the observed sediment yield (which was 
computed by rating curve) was added to SWAT-CUP. Sediment calibration and 
validation was conducted for two land uses using different observed sediment yield near 
to the two land use. The amount of sediment yield from Gidabo River Catchment was 
simulated using SWAT model using the simulated and validated flow. The observed 
sediment flow which was estimated by using rating curve was used as the monthly 
observed sediment yield in SWAT-CUP for identifying the most sensitive parameter. The 
calibration period was seven years (1989 to1995) for 1990 land use and six years (1997 
to 2002) for 2013 land use. 
4.5.1 Sensitivity analysis  
Results of global sensitivity help to eliminate non sensitive parameter. The initial 
parameter range was given for the SWAT-CUP from the literature and SWAT absolute 
value. Using the first iteration with 500 simulations most sensitive parameter is 
identified. In this study, all parameters were selected because the results of global 
sensitivity which showed all parameters have significant sensitivity for both land use. 
Using t-stat and p-value sensitivity and significance of the sensitivity was identified for 
each parameter see Table 4.6.    
Table 4.6 Results of the global sensitivity analysis after the first initial iteration with 500 
simulation using SUFI-2 for 1990 and 2013 land use.  
Parameter 
Name 
For 1990 land use  Rank  Parameter Name For 2013 land use 
t-Stat P-Value  t-Stat P-Value 
SPCON.bsn -14.25 0.00 1 SPCON.bsn -63.36 0.00 
CH_COV1.rte -10.97 0.00 2 USLE_P.mgt -11.40 0.00 
CH_COV2.rte -9.65 0.00 3 CH_COV1.rte -7.08 0.00 
RSDIN.hru 1.58 0.11 4 CH_COV2.rte -5.52 0.00 
SPEXP.bsn -1.37 0.17 5 SPEXP.bsn -2.38 0.02 
USLE_P.mgt 1.04 0.30 6 RSDIN.hru -0.15 0.88 
 
                                  Impact of Land Use and Land Cover Changes on Stream Flow and Sediment Yield 
75 
 
The parameter SPCON.bsn, CH_COV1.rte and CH_COV2.rte are shown highest 
absolute value of t-stat for both land use. These parameters are sensitive with more 
significance of sensitivity which means P-value of around 0. All parameters were 
selected for calibration. Based on the global sensitivity results and one-at-time sensitivity 
analysis result after iterations, the final calibrated parameter range value was obtained for 
both land use see Table 4.7. 
Table.4.7 Parameter value ranges for calibration of sediment with SUF-2 that produces acceptable 







Calibration and validation of a sediment yield was conducted for both land use i.e. 2013 
and 1990 land use using observed sediment yield near to the two land use and the same 










Parameter name Calibrated parameter   
range for 1990 
Calibrated parameter 
range for 2013 
Min  Max  Min Max 
V__SPCON.bsn 0.0001 0.000263 0.000100 0.000368 
V__USLE_P.mgt 0 0.098 0.0001 0.18855 
V__CH_COV1.rte 0.549587    0.576039 0.085412 0.156576 
V__CH_COV2.rte 0.403993    0.501271 0.871999 0.939557 
V__SPEXP.bsn 1.356982    1.394016 1.000000 1.0468 
V__RSDIN.hru 911.66   983.76 177.63 369.47 
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4.5.2 Modeling using 1990 land use data 
After calibration and validation of flow using 1990 land use, the next was calibrating 
sediment yield of the watershed. Using multi gauge calibration approach the sediment 
calibration was conducted the results of calibration is displayed in Table 4.8 
Table 4.8 Summary of calibrated and validated performance criteria’s and uncertainty analysis 














The results of sediment yield calibration and validation in Aposto station shows 
acceptable p-factor and r-factor. During calibration period the model capture 75% of the 
measured data in 95ppu with r-factor value of 1.16. Statistical model performance results 
also showed that both R
2
 and NS are in good and satisfactory model performance ranges. 
The validation also shows that the model capture 79% of the measured data in acceptable 
95ppu band with value of r-factor 0.60. Model performance evaluation also shows the 
model perform well in the Aposto station with good model pefromance values of R
2
, NS 











Aposto Bedessa Aposto Bedessa 
P-factor 0.75 0.63 0.79 0.89 
R-factor 1.16 0.77 0.60 1.62 
NSE 0.64 0.52 0.67 0.63 
R
2 0.74 0.55 0.68 0.64 
PBIAS 22.9 47.6 11.2 17.2 
Mean monthly 
sediment  in ton 
    
Observed 2712.74 721.44 3026.54 818.50 
Simulated 2090.82 649.77 2687.59 759.67 
Standard deviation     
Observed 2467.13 711.85 3537.51 780.88 
Simulated 2581.38 616.15 3267.05 680.27 




Figure 4.15 Calibration and validation results comparing the measured sediment yield in ton 
month
-1
 from Aposto gauge.  From 1989 to 1995 for calibration period and from 1997 to 2000 for 
validation period using 1990 land use 
              
Figure 4.16 Regression analysis line of simulated versus observed sediment yield in ton month
-1
 
in Aposto gauge. (A) Calibration period (1989-1995) (B) Validation period (1997-2000) 
Calibration and validation in Bedessa station shows that the model can capture a large 
amount of measured data in acceptable r-factor see Table 4.9. Statistical results which 
were obtained from summary _ stat. txt file (Appendix 7.3) from SWAT-CUP shows that 
the model performance in Bedesssa station is acceptable see Fig.4.17. 




















































































Figure 4.17 Calibration and validation results comparing the measured sediment yield (which was 
computed by rating curve) in ton month
-1
 from Bedessa gauge.  From 1989 to 1995 for calibration 
period and from 1997 to 2000 for validation period using 1990 land use 
               
Figure 4.18 Regression analysis line of simulated versus observed sediment yield in ton month
-1
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4.5.3 Modeling using 2013 land use data 
After flow calibration and validation using 2013 land use, the sediment yield calibration 
was conducted. The results of sediment calibration and validation are summarized in 
Table 4.9. 
Table 4.9 Summary of calibrated and validated performance criteria’s and uncertainty analysis 








Aposto Bedessa Measso Aposto Bedessa Measso 
P-factor 0.82 0.68 0.82 0.75 0.69 0.83 
R-factor 0.85 0.99 1.28 2.13 0.93 1.96 
NSE 0.69 0.54 0.57 0.64 0.54 0.53 
R
2 0.71 0.57 0.62 0.72 0.58 0.62 
PBIAS 10.7 2.4 12.0 14.3 15.3 16.4 
Mean Monthly 
sediment in ton  
      
Observed 2629.56 881.91 10594.48 2430.10 647.61 10546.29 
Simulated 2348.05 891.12 9926.26 2082.86 548.52 9820.83 
Standard deviation       
Observed 3034.85 921.64 8187.65 1764.98 693.47 7704.87 
Simulated 2922.36 850.35 7660.86 1879.73 609.62 7755.14 
 
4.5.3.1 Calibration results  
The result of sediment calibration in Aposto station showed good result of p-factor and r-
factor. The p-factor of 0.82 which means the model captured 82% of observed sediment 
yield in 95PPU band with r-factor of 0.85 see Fig 4.19. For sediment, a smaller p-factor 
and a larger r-factor could be acceptable (Abbaspour, 2015). NS value of 0.69 which fell 
in good performance range and with correlation coefficient of 0.71. PBIAS also fell in 
very good performance range for sediment yield calibrations (Moriasi et al., 2007) see 
Table 4.9.   
The result of sediment yield calibration in the Gidabo River Catchment outlet (Measso) 
showed acceptable p-factor and r-factor results, p-factor of 0.82 which envelopes 82% of 
the measured data in 95PPU band with r-factor of 1.28 see Fig.4.20. The correlation 
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coefficient result showed satisfactory result with R
2
 value of 0.62. ENS and PBIAS 
results also fell in satisfactory and very good model performance ranges with value of 
0.57 and 12.0 respectively.  
Sediment yield calibration in the Bedessa station showed satisfactory model results. The 
p-factor of 0.68 which bracket 68% of the observed sediment yield data in 95PPU band 
with r-factor of 0.99 the results are displayed in Fig.4.21. Statistical criteria for 
measuring, how well the observed sediment yield agrees with the simulated sediment 
yield also have showed satisfactory model performance with NS value of 0.54 with 
correlation coefficient (R
2
) of 0.57.   
 
Figure 4.19 Calibration result from SUFI-2 comparing the measured sediment yield (ton month
-1
) 



































































































































P-factor=0.82  R2=0.71  
R-factor=0.85  NS=0.69




Figure 4.20 Calibration result from SUFI-2 comparing the measured sediment yield (ton month
-1
) 
from Measso gauge (Gidabo River Catchment outlet) for 2013 land use 
 
Figure 4.21 Calibration result from SUFI-2 comparing the measured sediment yield (ton month-
1
) 
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Figure 4.22 Regression analysis graph of simulated versus observed monthly sediment yield 
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4.5.3.2 Validation results  
Using the calibrated parameter range and 500 simulations (which is the number of 
simulation in the calibration period) the sediment yield validation was conducted and the 
results are in acceptable range in Aposto station. For r-factor of 0.75 which capture 75% 
of measured data in 95PPU band with r-factor value of 2.13 see Fig.4.23. Statistical 
results for validation in Aposto station are in acceptable range. The correlation between 
measured and simulated sediment yield in Aposto station showed good agreement with 
value of R
2
 0.72. NS value result also fell in satisfactory range with the value of 0.64. 
PBIAS shown positive bias but it’s in very good performance range  (Moriasi et al., 
2007) see Table 4.9  
The results of the validation using 500 simulations showed acceptable p-factor and r-
factor in Measso station. Uncertainty analysis result showed p-factor value of 0.83, which 
means the model capture 83% of the measured data with 95ppu band with r-factor value 
of 1.96 see Fig.4.24. Based on the result of statistical performance criterion which is 
obtained from SWAT-CUP summary_stat.txt file the model performance in Measso 
station is in the satisfactory model performance with the value of R
2
 0.62 and NS value 
0.53. The PBIAS also fell in good model performance range see Table 4.9. 
Results in Bedessa station for validation period also shown acceptable results. The model 
captures 64% of the measured sediment yield data in the 95ppu with r-factor of 0.72 see 
Fig.4.25. Statistical model performance results which was obtained from statistical 
summary text file shown the model performance in Bedessa station was satisfactory with 
the value of NS, 0.51. The correlation coefficient between observed and simulated 
sediment yield shows satisfactory correlation with the value of R
2
, 0.53 (Perry, 2015) 
  




Figure 4.23 Validation result from SUFI-2 comparing the measured sediment yield (ton month
-1
) 
from Aposto gauge for 2013 land use (2004-2006) 
 
Figure 4.24 Validation result from SUFI-2 comparing the measured sediment yield (ton month
-1
) 




































































































































































































P-factor=0.83   R2=0.62
R-factor=1.96   NS=0.53




Figure 4.25 Validation result from SUFI-2 comparing the measured sediment yield (ton month
-1
) 
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Figure 4.26 Regression analysis graph of simulated versus observed monthly sediment yield 
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4.6 Effect of land use and land cover change 
4.6.1 Effects on stream flow  
After calibration and validation of stream flow for two land use maps for calibration and 
validation period using different measured data. SWAT model was run two times for two 
land use using the calibrated and validated parameters. This helps to evaluate land use 
land cover change effect in watershed hydrology. To evaluate the effect the stream flow 
results for the different years were compared based on the validated values see Table 
4.10. Based on the availability of data for calibration and validation, evaluation of land 
use changes in stream flow was conducted for Aposto and Bedessa stations using two 
land use data.  




) results for calibration and validation period  









 for Bedessa stations. The stream flow changes 
were because of land cover changes of the catchment (an increase of cultivated land 
during the study period which was identified from the two land use data). The discharge 
change during the wettest months of stream flow taken as May, September and October 
and driest stream flow are in the months of January, February and December (Birhanu, 
2009) were calculated and also used as evaluation to estimate the effect of land use and 
land cover changes on the stream flow see Table 4.11 and Table 4.12. 
Table 4.11 Mean monthly wet and dry month’s stream flow and their changes for Aposto station 
                                             Mean monthly flow (m
3
/s) Mean monthly 
flow change 
  Land use/cover map of 1990(Aposto) Land use/cover map of 2013(Aposto) 
Wet months       
(May, sep, Oct) 
Dry months 
(Jan, Feb, Dec) 
Wet months 
(May, sep, Oct) 
Dry months 
(Jan, Feb, Dec) 
Wet Dry 















Calibration  5.12 1.72 6.02 2.10 +0.9 +0.38 
Validation  4.16 1.83 5.18 2.27 +1.02 +0.44 
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Table 4.12 Mean monthly wet and dry month’s stream flow and their change for Bedessa station 
 Mean monthly flow (m
3
/s) Mean monthly 
flow change 
Land use/cover map of 1990(Bedessa) Land use/cover map of 2013(Bedessa) 
Wet months       
(May, sep, Oct) 
     Dry months  
  (Jan, Feb, Dec) 
Wet months Dry months Wet Dry 
2.42 1.35 3.39 1.09 +0.97 -0.26 
As indicated in Table 4.11 and 4.12 the mean monthly stream flow for wet months 








 for Bedessa stations due to land 









for Bedessa station. Generally speaking expansion 
of agricultural land over forest land results an increase of surface runoff. This expansion 
also results in reduction of water infiltrating into the ground and stored for base flow. 
Therefore discharge during dry months (come from base flow) decreases.  
4.6.2 Effects on sediment yield 
After calibration and validation of sediment yield for 2013 and 1990 land use maps in 
SWAT-CUP, the SWAT model was run two times for two land use. This helps to 
evaluate land use land cover change effect in sediment yield. To evaluate the effect the 
average annual yield of sediment transport out of Aposto and Bedessa sub-basins using 
two land use were compared. See Table 4.13 
Table 4.13 Mean annual sediment yield (t/km
2
/year) results of Gidabo River Catchment (for 
Aposto and Bedessa stations)  
An increase of cultivated area during the study period resulted in increase in sediment 
yield by 84.62t/km
2 
for Aposto station and 22.92t/km
2
 for Bedessa station. These results 
indicated that land use change has a significant effect on sediment yield of Gidabo River 



















474.84 51.23 559.46 74.15 84.62 22.92 
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Spatial variability of sediment yield from Gidabo River Catchment was identified from 
the validated sediment output for each sub-basin using 2013 land use. The average annual 
yield of sediment transport out of each sub-basin in metric tons was used to generate 


















Based on the sediment source map result sub-basins 44, 41, 32, 17, 14 are severe and sub-
basins 53, 30, 25, 23, 26, 21, 7, 5, 1, 7 are moderate sediment source areas. A study of 
soil formation rates and tolerable soil loss level for different Agro-ecological zones of 






Based on the study area situation the soil 




), moderate (4.12-14.16 
Figure 4.27 Spatial distribution of sediment transported with water out 
of reach during time step (t/ha/yr) in Gidabo River Catchment 















). In these sub-basins with 
severe soil losses (14, 17, 32, 41, 44) there is a higher percent of Chromic Vertisols soil, 
where about 75% and above of the area is covered by this soil. Chromic Vertisols mainly 
contains higher clay with low infiltration rate. In these sub basins with severe soil losses  
the dominant slope gradient is greater than 5% (for example in the sub-basin 14, 85.49% 
of the sub-basin area covered with slope greater than 5%), in average 70% of the sub-
basins area has slope greater than 5%. Generally in higher gradients with Vertisols soils, 
soil erosion would occur (Sabine, 2015).  
The estimated annual sediment in flow for Gidabo dam using 2013 land use is about 
1,086,822 ton/yr for the 2497 km
2
 upstream area of the reservoir. This estimate is more or 
less similar from that reported in the Gidabo dam design report (Ministry of Water and 
Energy, 2010) which is 933,761 tons/yr for the reservoir upstream area.  
4.7 Scenario development and analysis  
SWAT was used as tool to estimate the effect of scenarios on the sediment yield and 
stream flow of the study area specifically for the dam site. To recap three land use 
scenarios were simulated by using 2013 land use as base scenario. Based on the current 
land use trend of the study area which was identified from the land use data and the 
population pressure simple hypothetical scenarios were set. 
Scenario 1: 53% of Forest land is changed to agricultural land 
Scenario 2: 19% of Forest land is changed to agricultural land  
Scenario 3: 35% of Grass land is changed to agricultural land   
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Figure 4.28 Land use scenarios. URMD-Settlement, WETL-Wetlands, AGRL-Crop land 
(Agricultural), PAST Grass land and FRSE-Forest land 
4.7.1 Scenario Analysis   
The impact of different management practices was examined by applying different 
scenarios. The results of the three scenarios are presented in Table 4.14 





















4.35 1.1 0 0 
Scenario-1 21.58 7.28 1.8 28.75 67.35 
Scenario-2 18.89 6.24 1.5 12.70 43.34 
Scenario-3 17.21 4.77 1.2 2.68 9.53 



































































































































































Figure 4.29 Spatial distribution of sediment transported with water out of reach 
in (t/ha/yr) in Gidabo River Catchment (using scenario one) 
Figure 4.30 Spatial distribution of sediment transported with water out of 
reach in (t/ha/yr) in Gidabo River Catchment (using scenario two) 




The results of calibration showed good results for both Aposto and catchment out let 
(Measso station) but in case of Bedessa the calibration results showed relatively lower 
performances. The graphical comparison between observed and the results of SUFI-2 
program show good agreement. When the calibrated parameter was validated it showed 
good results in Aposto stations and showed relatively lower performances result in the 
catchment outlet, and Bedessa stations but the model able to bracket large amount of 
observed data with acceptable 95PPU band.  
In general the model performance (NSE and R
2
) in Bedessa gauged station showed 
satisfactory model performance by under and over estimate the medium and pick flow for 
both land use data. These events can be attributed to the model inability to represent the 
antecedent moisture content of the soil before each event. Such model inability can be the 
result of low-resolution soil data used to represent the proper soil conditions at the sub-
watershed level. Again SWAT assigns precipitation input from the station closest to the 
centroid of the sub-watershed, having only a few precipitation gauges increase 
uncertainty in the precipitation inputs this can be also a reason for low model 
performance in Bedessa gauged station.  
The NSE was also acceptable with good correlation coefficient result i.e. R
2
. The model 
result showed that the model was able to simulate peak flow and low flow with 
acceptable p-factor and r-factor with R
2
 values of >0.5 for calibration and validation 
period. The model performance based on PBIAS showed acceptable model performance 
in Measso, Aposto and Bedessa stations for both sediment yield and stream flow 
variables. 
Generally the model performance values for calibration and validation of stream flow and 
sediment yield simulations are acceptable. Study that conducted in the study area showed 
that similar results for stream flow variable (Abraham et al., 2015). This indicates that the 
physical processes in the generation of stream flow and sediment yield in the catchment 
were captured by the model in acceptable way. For this reason, the model can be used for 
many water resource related practices in the catchment.     
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Evaluation of land use and land cover was conducted after calibration and validation of 
both land use using measured data near to the land use data. The stream flow increased 
during the wet month and decrease in the dry month. This is because of the expansion of 
agricultural land over forest cover. Agricultural land expansion also results in the 
reduction of water infiltrate to the ground. For this reason, discharge during dry months 
decreases. Sediment yield also showed increment during the study period because of the 
expansion of agricultural land. Based on the results of evaluations the land use and land 
cover change have impact on stream flow and sediment yield of the study area by 
decreasing infiltration rates, by increasing the runoff and sediment yield.    
The results of scenarios showed that the sediment yield and stream flow showed 
increment due to expansion of agricultural land over forest land. Some sub-basins also 
showed a change from low to moderate, moderate to severe and severe to extreme 
sediment source areas.  
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                                             CHAPTER FIVE 
5 CONCLUSION AND RECOMMENDATION  
5.1 Conclusion 
In this study, the impact of land use and land cover change on stream flow and sediment 
yield was analyzed statistically using the model SWAT and SWAT-CUP. To do the 
analysis land use/land cover was collected from EMA in raster and Land sat image for 
year 2013 and 1990 respectively. The GIS environment uses for the processing of DEM, 
land use and land cover, soil data layers and displaying model results. Based on the 
results, the following conclusions are drawn.  
Based on uncertainty analysis which was quantified by r-factor and p-factor, the model 
envelops most of the measured data in acceptable uncertainty band. Performance of the 
model for stream flow and sediment yield simulation for calibration and validation were 
found to be acceptable. The NS value of 0.5 to 0.7 and 0.51 to 0.76 for calibration and 
validation period. The correlation R
2
 value also 0.55 to 0.72 and 0.6 to 0.78 for 
calibration and validation period.  
Following calibration and validation of the model, SWAT predict annual stream flow and 
sediment yield for different land use and these results compared in annual average for 
calibration and validation period to evaluate the effect of land use and land cover 
changes, the results showed that land use/ land cover changes during the study period 
increase stream flow and sediment yield in Gidabo River Catchment. 
Spatial variability of sediment yield from Gidabo River Catchment was identified using 
the calibrated and validated model, based on this some of the sub-basin was found to be 
with sever soil losses.  
SWAT predicted annual sediment yield and mean annual stream flow of the watershed in 
different scenarios and also estimate sediment inflow to Gidabo Dam. Change of 53% of 
forest land to agricultural land increase the sediment yield by 67.35% and stream flow by 
28.75%. Change of 19% of forest land into agricultural land increase the sediment yield 
by 43.34% and stream flow by 12.70%. Change of 35% of grass land into agricultural 
land increase the sediment yield by 9.53% and stream flow by 2.68%. 
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5.2 Recommendation  
Generally from this specific study the following recommendations could improve similar 
research for future work. 
 The research was conducted using two land use data of the study area. It can be 
applied to variety of watershed, where time sequence land use and land cover data 
is available to predict the hydrological and downstream sedimentation 
consequence to LULCC. 
 The research is limited in conducting practical land use scenarios. Another 
volume of research can be conducted by developing scenarios based on strategies 
like growth and transformation plan two (GTP-2), Ethiopia land use policies, 
catchment based population and economic projection and master plan. 
 The research was conducted by evaluating the effects of land use and land cover 
changes on stream flow and sediment yield. However, the effects of LULCC also 
have impact on the component of stream flow of the catchment by changing the 
magnitude of surface runoff and ground water flow. So, further research of this 
kind can be computed on the assessment of the impacts of LULCC on stream flow 
components (surface runoff and ground water flow) for the wet and dry months.         
 The weather stations should be improved both in quality and quantity in order to 
improve the performance of the model. For this reason, it is highly recommended 
to establish good meteorological stations.  
 Integrating land use change models with hydrologic models could be applied to 
predict the impacts of land use changes on the stream flow and sediment yield, in 
the watershed and the country in general. This helps for stakeholders and decision 
makers to make better choices for land and water resource planning and 
management.  
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Appendix 1 Definition of weather generator statics and probability value symbol
 
Appendix 2 Weather generator statistic and probability values 
Table A.2.1 Billate Agri Estate I Station 
TMPMX Average or mean daily maximum air temperature for month (
o
C). 
TMPMN Average or mean daily minimum air temperature for month (
o 
C). 
TMPSTDMX Standard deviation for daily maximum air temperature for month (
o
 C). 
TMPSTDMN Standard deviation for daily minimum air temperature for month (
o
 C). 
PCPMM Average or mean total monthly precipitation (mm H2O). 
PCPSTD Standard deviation for daily precipitation for month (mm H2O/day) 
PCPSKW Skew coefficient for daily precipitation in month. 
PR_W1 Probability of a wet day following a dry day in the month 
PR_W2 Probability of a wet day following a wet day in the month. 
PCPD Average number of days of precipitation in month 
SOLARAV Average daily solar radation for month (MJ/m2/day). 
DEWPT Average daily dew point temperature in month (
o 
C). 
WNDAV Average daily wind speed in month (m/s). 
 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
TMPMX 31.54 33.13 33.00 31.15 29.50 28.11 26.91 27.57 28.96 29.90 31.03 31.61 
TMPMN 17.66 17.24 17.10 16.97 16.86 16.70 16.68 16.68 16.23 15.80 15.13 16.09 
TMPSTMX 3.38 1.97 2.16 2.16 1.77 1.70 1.83 1.99 1.82 1.88 1.53 1.23 
TMPSTDMN 3.66 1.95 1.95 1.40 1.31 1.33 1.35 1.25 1.45 2.02 2.07 1.81 
PCPMM 32.51 29.82 52.13 120.72 99.79 75.23 94.70 74.15 68.23 79.87 47.51 23.26 
PCPSTD 4.31 3.95 4.27 8.75 6.75 6.25 7.79 6.23 5.36 5.55 5.40 3.12 
PCPSKW 8.29 5.89 3.70 3.90 3.29 3.69 4.49 4.66 4.19 3.37 5.97 7.47 
PR_W(1) 0.13 0.13 0.25 0.46 0.35 0.26 0.35 0.34 0.43 0.30 0.12 0.09 
PR_W(2) 0.42 0.43 0.56 0.60 0.60 0.44 0.47 0.52 0.49 0.65 0.54 0.45 
PCPD 5.67 5.08 10.29 15.96 14.79 9.42 12.33 12.88 13.67 14.00 6.17 4.46 
RAINHHMX 21.53 15.20 10.37 25.20 16.67 15.83 23.23 19.60 16.83 12.83 21.83 15.20 
SOLARAV 21.20 21.91 22.17 21.14 21.23 19.02 16.42 18.00 19.36 20.57 21.38 21.33 
DEWPT 14.00 14.43 15.94 18.18 18.43 17.23 16.54 16.95 17.55 16.96 13.93 13.49 
WINDAV 1.20 1.14 0.93 0.72 0.73 0.87 0.73 0.69 0.64 0.57 0.81 1.13 
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 Table A.2 Dilla station  
 
       Appendix 3 Soils parameters and legend used in SWAT model 
NLAYERS  Number of layers in the soil (min 1 and max 10)  
HYDGRP  Soil hydrographic group (A, B, C, D)  
SOL_ZMX  Maximum root depth of the soil profile(mm) 
TEXTURE  Texture of the layer  
SOIL_Z  Minimum depth from soil surface to bottom of layer (mm) 
SOL_BD  Moist bulk density (g/cm
3
) 
SOL_AWC  Available water capacity of soil surface to bottom of the layer(mm/mm)  
SOL_K  Saturated hydraulic conductivity(mm/hr) 
SOL_CBN  Organic carbon content (%) 
CLAY  Clay content (%) 
SILT  Silt content (%) 
SAND  Sand content (%) 






 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
TMPMX 29.84 31.80 30.76 27.80 27.39 27.33 25.56 26.03 26.26 26.38 28.24 29.43 
TMPMN 11.11 9.75 12.90 13.66 13.32 13.47 14.22 14.11 13.48 13.61 11.31 9.74 
TMPSTMX 1.71 1.73 2.69 2.74 1.57 1.46 1.76 1.71 1.58 1.78 1.51 1.19 
TMPSTDMN 3.02 3.40 2.06 1.95 2.14 1.76 1.99 1.77 1.62 2.11 2.71 2.55 
PCPMM 37.70 81.55 143.32 205.53 218.23 106.09 87.74 116.39 191.04 207.81 75.44 32.55 
PCPSTD 3.48 8.05 9.42 9.66 9.78 7.09 6.80 6.99 8.34 9.28 6.71 3.16 
PCPSKW 3.94 3.07 2.16 2.12 2.34 3.24 4.70 2.97 1.62 1.84 4.86 5.03 
PR_W(1) 0.16 0.16 0.32 0.55 0.60 0.41 0.40 0.49 0.53 0.45 0.23 0.13 
PR_W(2) 0.56 0.59 0.62 0.77 0.79 0.56 0.60 0.59 0.82 0.81 0.60 0.59 
PCPD 8.12 7.88 13.00 20.88 23.06 14.88 15.24 16.59 22.00 22.41 11.35 7.41 
RAINHHMX 5.73 8.30 9.20 13.93 22.73 15.93 23.33 14.83 13.83 15.03 23.67 5.83 
SOLARAV 20.68 20.81 19.50 18.56 19.05 17.48 14.50 16.78 18.06 18.68 19.44 19.53 
DEWPT 13.98 12.79 14.72 17.08 16.80 16.72 16.31 16.12 16.12 16.29 15.10 14.92 
WINDAV 0.51 0.64 0.64 0.53 0.44 0.39 0.33 0.35 0.37 0.37 0.37 0.41 
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CALCARICFLUBISOLS 3 D 2032 
L 800 1.56 0.14 15.26 0.65 21 40 40 0.49 
L 1200 1.6 0.13 10.75 0.24 19 40 42 0.49 
L 2032 1.38 0.13 0.12 0.65 75 18 7.4 0.49 
CALCIC FLUVISOLS 
1 B 600 
L 
600 1.56 0.13 9.47 0.65 20 40 40 0.4 
CHROMIC LUVISOLS 7 B 1800 
SiL 
210 1.45 0.22 38.4 1.2 11 67 22 0.3 
SiL 260 1.46 0.21 37.2 0.3 14 66 20 0.3 
SiL 460 1.45 0.2 34.8 0.21 19 59 22 0.3 
SiL 650 1.49 0.2 33.6 0.2 22 56 22 0.3 
SiL 950 1.48 0.2 36 0.2 17 57 26 0.3 
SiL 1350 1.49 0.2 36 0.12 17 57 26 0.3 
SiL 1800 1.47 0.21 36 0.1 16 59 25 0.3 
CHROMIC VERTISOLS 2 D 1200 
L 800 1.52 0.13 6.16 1.1 27 31 42 0.34 
C 1200 1.65 0.12 0.54 0.52 57 23 20 0.34 
DYSTRICCAMBISOLS 2 B 1200 
L 800 1.41 0.14 11.89 2.8 24 36 39 0.4 
C 1200 1.41 0.13 1.92 1.6 42 32 26 0.4 
DYSTRICGLEYSOLS 2 B 1200 
SaL 800 1.3 0.11 15.48 1.57 20 28 52 0.4 
SiL 1200 0.75 0.18 12.34 2.45 61 17 21 0.4 
DYSTRICNITOSOLS 2 8 1200 
L 800 1.59 0.12 27.38 0.72 11 7.9 82 0.2 
SiL 1200 1.1 0.21 9.85 1.08 66 19 14 0.2 
EUTRICCAMBISOLS 2 B 900 
L 600 1.5 0.2 33.63 1.63 21 33 46 0.31 
L 900 1.46 0.18 39.68 1.1 13 46 41 0.34 
EUTRICNITOSOLS 3 B 2000 
SaL 
800 1.5 0.06 26.57 0.28 17 6.1 77 0.16 
SaCL 1200 1.15 0.11 4.06 0.68 31 17 52 0.16 
SiCL 2000 1.1 0.16 3.41 0.91 63 19 18 0.16 
ORTHICACRISOLS 3 B 2000 
SaL 800 1.6 0.07 30.62 0.26 15 10 75 0.3 
SaC 1200 1.45 0.12 2.67 1.23 34 19 46 0.3 
C 2000 1.2 0.12 0.29 1.37 54 15 31 0.3 
ORTHICLUVISOLS 3 B 2000 
Lsa 800 1.45 0.05 48.52 0.25 12 4.2 84 0.2 
SaCL 1200 1.5 0.11 6.72 0.43 26 23 52 0.2 
C 2000 1.47 0.12 0.63 0.53 44 13 43 0.2 
PELLICVERTISOLS 2 D 1200 
SaC 800 1.53 0.11 2.41 0.67 35 16 49 0.3 
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 Appendix.5. Monthly mean stream flows of Gidabo River Catchment in period of 1989 - 2006 
Table A.5.1 Stream flow (m
3
/s) in Aposto station  
  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1989 2.59 2.30 1.98 4.95 4.01 5.85 5.76 3.60 11.67 12.42 4.61 4.25 
1990 2.41 3.80 6.05 10.10 10.58 6.26 6.01 6.01 6.82 6.94 3.75 3.19 
1991 3.19 3.44 3.75 4.60 4.65 3.37 4.82 4.35 10.36 5.46 2.11 1.77 
1992 1.16 1.56 1.21 6.63 6.51 5.04 7.14 22.81 19.48 27.46 10.74 4.47 
1993 2.92 4.32 2.33 5.57 16.32 16.56 7.74 5.45 9.31 16.47 7.54 2.70 
1994 1.81 1.45 1.72 3.14 9.79 6.87 16.02 17.69 12.56 6.37 5.31 2.44 
1995 1.64 1.67 1.85 9.51 9.07 4.23 4.76 6.53 16.84 12.47 3.84 2.94 
1996 2.86 1.87 5.98 11.29 14.83 16.09 15.92 18.22 18.78 19.23 4.13 2.60 
1997 2.12 1.53 1.55 5.38 8.08 5.80 10.12 12.96 8.16 21.41 16.77 5.83 
1998 2.06 1.05 1.19 3.34 10.10 4.48 7.58 23.15 10.93 29.75 6.11 2.73 
1999 2.17 1.74 1.91 1.91 3.67 2.47 2.47 3.07 3.95 6.84 2.99 1.89 
2000 1.41 1.30 1.27 1.97 4.91 3.02 2.51 7.83 7.20 18.48 6.27 2.45 
2001 2.24 1.81 1.91 2.77 5.63 8.36 3.93 8.81 9.92 9.83 4.14 2.48 
2002 2.01 1.56 2.04 2.93 3.94 5.29 2.71 3.66 4.89 3.53 2.19 2.24 
2003 1.84 1.47 1.71 4.02 2.99 2.41 3.01 6.55 4.84 6.35 M M 
2004 1.99 1.43 1.93 2.65 3.45 3.24 2.79 4.02 6.21 7.94 2.62 2.17 
2005 1.77 1.37 1.72 2.84 10.53 6.76 5.56 6.01 8.78 6.27 3.67 2.02 
2006 1.65 1.67 2.75 4.56 9.25 5.27 10.96 13.93 8.87 10.99 6.37 4.54 
 
Table A.5.2 Stream flow (m
3
/s) in Bedessa station 
  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1989 0.38 0.29 0.28 0.47 1.40 1.80 2.04 1.07 4.08 5.41 1.68 1.03 
1990 0.58 0.55 2.02 4.61 2.96 3.24 1.92 1.98 2.44 3.42 1.62 1.14 
1991 0.65 0.51 0.59 0.75 0.69 1.46 2.09 1.26 4.02 2.23 1.40 0.66 
1992 0.05 0.06 0.02 0.26 0.95 1.45 1.59 1.44 2.50 7.61 1.61 0.66 
1993 0.38 0.48 0.24 0.15 3.85 3.62 0.96 0.96 2.61 3.15 2.40 1.39 
1994 0.74 0.38 0.18 0.43 5.70 2.20 4.21 4.59 1.83 1.31 0.91 0.44 
1995 0.22 0.14 0.12 1.49 3.59 1.10 1.38 1.38 3.83 3.61 1.30 0.54 
1996 0.40 0.19 0.31 1.25 2.30 7.07 3.69 4.84 8.93 3.18 1.45 0.73 
1997 0.41 0.19 0.17 0.98 2.02 0.88 2.02 1.27 0.79 2.81 5.73 2.58 
1998 3.41 1.98 0.89 2.41 4.47 2.94 1.84 2.98 1.87 5.61 1.64 0.65 
1999 0.33 0.16 0.45 0.97 1.89 1.08 1.54 1.78 1.62 5.80 3.28 1.00 
2000 0.50 0.24 0.15 0.34 2.28 1.16 1.27 2.68 2.80 7.32 2.82 1.83 
2001 1.14 0.60 0.40 0.82 2.68 3.20 1.52 4.35 10.17 6.14 2.88 0.80 
2002 0.54 0.20 0.39 0.53 4.33 3.74 1.05 1.23 1.96 4.65 1.58 0.97 
2003 0.76 0.35 0.23 0.81 1.68 3.04 1.29 M M M M M 
2004 0.57 0.18 0.51 0.78 4.06 2.05 0.79 1.73 3.51 2.68 2.12 0.79 
2005 0.41 0.21 0.21 0.32 4.09 2.21 1.27 1.43 4.78 6.32 2.70 0.51 
2006 0.25 0.22 0.25 2.54 3.13 3.49 1.88 3.46 1.66 4.17 2.42 1.23 
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Table A.5.3 Stream flow (m
3
/s) in Measso( Gidabo River Catchment outlet) 
 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1997 7.93 6.64 6.57 16.76 31.24 24.04 35.7 33.7 14.73 31.9 43.2 42.87 
1998 23.9 18.99 10.23 10.74 23.13 13.54 15.7 29.2 22.97 40.2 20.2 7.06 
1999 4.7 3.07 5.89 6.68 17.62 9.54 9.82 9.98 14.32 27.5 14.5 9.36 
2000 3.55 1.61 1.37 3.713 7.96 11.93 9.65 15.1 16.69 37 20 8.56 
2001 3.89 2.85 2.46 7.28 26.72 22.91 28.9 39.2 42.88 28.2 14.7 8.02 
2002 7.29 3.11 2.66 11.33 18.24 20.06 8.22 9.12 12.32 19.7 12.2 12.35 
2003 6.75 3.13 2.74 13.45 12.84 13.49 10.9 27.2 M M M M 
2004 3.89 2.15 4.58 11.74 15.23 12.62 10.7 14.9 25.02 29.3 19.6 6.35 
2005 3.38 3.23 3.24 13.45 38.73 20.13 14.5 16.2 38.45 38.9 17.3 10.25 
2006 4.87 3.12 7.55 21.41 24.69 29.02 26.9 21 18.53 29 18.7 12.96 
 
Appendix.6 List of stations in and around Gidabo River Catchment   
Station name Elevation (m) Mean Annual 
Rainfall(mm) 
Aletawendo 1933 1582.93 
Billate AgrEstateI 1361 797.91 
Dilla 1579 1474.85 
Hagere Selam 2841 1316.25 
Kebado 1807 1396.63 
Telamo kentiso 1870 1343.30 
Wonago 1807 1537.16 
Yirgaalem 1814 1213.62 
Yirgachefe 2817 1346.01 
Bulle 2820 1542.91 
Leku 1876 1058.29 
Teferekella 1870 1623.81 
Yekatit/Aposto 1681 1064.14 
 
Appendix.7 Calibration and validation in SWAT-CUP 
Appendix.7.1 Format for monthly mean stream flows and sediment yield per month of Gidabo 
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 1 FLOW_OUT_1_1997 2.122 
2 FLOW_OUT_2_1997 1.534 
3 FLOW_OUT_3_1997 1.554 
4 FLOW_OUT_4_1997 5.379 
5 FLOW_OUT_5_1997 8.083 
6 FLOW_OUT_6_1997 5.802 
7 FLOW_OUT_7_1997 10.118 
8 FLOW_OUT_8_1997 12.955 
9 FLOW_OUT_9_1997 8.161 
   
NO VARIABLE_MONTH_YEAR SED_OUT tons 
1 SED_OUT_1_1997 860.95 
2 SED_OUT_2_1997 540.37 
3 SED_OUT_3_1997 607.55 
4 SED_OUT_4_1997 2409.79 
5 SED_OUT_5_1997 3920.83 
6 SED_OUT_6_1997 2588.78 
7 SED_OUT_7_1997 5103.17 
8 SED_OUT_8_1997 6927.92 
9 SED_OUT_9_1997 3830.44 
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 Appendix.7.3 Calibration outputs 
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Where: Qs is sediment discharge in tons/day and Q is the discharge in m
3
/s 
 (Retrieved from Study and Design of Gidabo Irrigation Project Volume-III Hydrological study final 
feasibility report)  
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